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ABSTRACT 

Research  Performed  by  Martin  E.  Winkler 
Under  the  Supervision  of  Dr.  R.S.  Morris 

This  paper  is  a report  of  research  designed  to  investigate  the  effect 
of  repeated  glare  on  human  performance  of  a tracking  task. 

The  experiment  used  an  EAI  680  computer  to  create  the  tracking  task 
as  well  as  to  record  the  experimental  data.  Subjects  were  dark-adapted 
for  thirty  minutes  and  then  performed  tne  tracking  task  for  a half  hour 
run  period.  During  the  run  the  subject  experienced  four  flashes  from  a 
glare  source.  A control  run,  with  no  dark-adaption  or  intermittent 
flashes,  was  performed  by  all  five  subjects.  Performance  was  measured 
by  the  time  required  to  reach  a predetermined  level  of  error,  while  a 
biological  factor  was  measured  by  the  lowest  galvanic  skin  resistance 
value  during  the  time  period  prior  to  reaching  the  error  level. 

Statistical  analysis^  showed  both  the  flash-time  factor  and  the 
condition  flash-time  interaction  to  be  significant  at  the  95%  level  of 
confidence.  Graphical  analysis  showed  the  subjects'  performance  to 
increase  with  time  while  operating  the  tracking  task  under  the  glare 
condition. 
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CHAPTER  I 


INTRODUCTION 

In  many  aspects  of  man-machine  relations,  vision  is  an  important 
physical  criterion.  Be  it  repairing,  operating,  or  installing,  vision  i^ 
often  necessary  for  successful  completion  of  the  task.  In  realizing  this, 
man  has  made  great  efforts  to  ensure  proper  lighting.  However,  as  is 
often  the  case,  solving  one  problem  tends  to  either  create  or  compound 
another. 

The  nighway  lights  on  an  automobile.-  are  of  great  service  to  its 
driver,  but  to  the  driver  of  an  oncoming  car,  they  can  be  just  as  great 
a problem.  In  a Minnesota  roadside  study  it  was  found  that  highway 
traffic  accidents  were  higher  in  areas  having  more  glare  sources  (17)*. 
Highway  sections  having  higher  frequencies  of  intersections  and  advertis- 
ing signs,  also  showed  higher  accident  rutes.  A common  factor  of  all 
the  higher  accident  areas  was  a greater  number  of  glare  sources;  both 
reflected  from  the  road  signs  and  scattered  from  approaching  cars. 

The  problem  to  be  investigated  in  this  paper  is  that  of  the  effect 
of  repeated  glare  of  high  intensity  flashes  on  human  performance.  A 
tracking  task  was  employed  to  stress  th*'  subjects,  with  the  time  to  reach 
a predetermined  level  of  error  and  galvatic  skin  resistance  used  as  two 
separate  measures  of  the  effect. 

The  design  of  the  experiment  includes  a control  group,  as  well  as, 
an  experimental  group.  Both  groups  underwent  the  same  procedure,  with 
only  the  intermittent  glare  source  removed  for  the  control  group. 


*Numbers  in  parentheses  refer  to  citations  in  the  List  of  References. 
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The  test  involved  the  use  of  a number  of  dark-adapted  subjects  to 
operate  a two  dimensional  tracking  simulator  under  a normally  low  level  of 
illumination.  In  its  final  configuration  the  tracking-simulator  was  a 
Cathode  Ray  Tube  (CRT).  The  target  to  be  tracked  was  an  illuminated  dot 
which  moved  about  the  center  cross-hairs  of  the  CRT  in  a random  manner. 

The  subject,  seated  approximately  two  feet  from  the  CRT,  used  a joy  stick 
with  two  degrees  of  freedom  to  track  the  target  deviations.  The  subject's 
displacenicnt  of  the  joy  stick  in  the  proper  direction  causes  the  target 
to  move  to  the  intersection  of  the  cross-hairs  at  the  center  of  the  screen. 
Since  the  target  was  continuously  driven  along  a random  path,  it  was 
necessary  for  the  subject  to  make  similarly  continuous  movements  with  the 
joy  stick  to  keep  the  target  at  the  center  of  the  CRT  (zero  positioning). 

At  intervals  throughout  the  test,  a high  intensity  whitelight  was  flashed 
in  the  subject's  line  of  sight.  If  at  any  time  the  subject  allowed  the 
target  deviations  to  exceed  a predetermined  displacement,  a buzzer  sound- 
ed and  continued  to  do  so  until  the  target  was  back  within  the  allowable 
range.  The  bu/zer  served  as  additional  feedback  to  the  subject  and  pro- 
vided an  additional  stress. 


The  subject's  performance,  total  buzzer  time,  and  galvanic  skin 
resistance  were  monitored  for  future  analysis.  Finally,  the  subjects 
completed  a questionnaire  concerning  the  tracking  task. 


CHAPTER  II 


REVIEW  OF  LITERATURE 

Bartlett  (1951)  reported  that  a group  of  R.A.F.  pilots  were  studied 
in  simulated  Spitfire  cockpits.  The  most  significant  finding  of  this 
study  was  the  general  tendency  for  an  increase  in  errors  at  the  end  of  a 
flight.  "A  tired  airman,  it  seems,  has  an  almost  irresistible  tendency 
to  relax  when  he  nears  the  airport."  (19)  This  condition  could  be  ex- 
plained by  the  inverted  'U'  curve  (Figure  1). 

The  Inverted  U Hypothesis  states  that  as  stress  increases,  the  re- 
sulting arousal  increases,  and  performance  consequently  improves  up  to  an 
optimal  point,  and  thereafter  declines.  This  relationship  between  stress 
and  performance  is  entirely  qualitative.  Its  use  is  therefore  limited  to 
detecting  trends  and  patterns  in  data  obtained  under  closely  cont»'olled 
conditions.  Also,  very  little  is  known  as  to  how  the  optimum  point  moves 
(or  even  if  it  does)  as  a subject's  arousal  is  raised  and  lowered  succes- 
sively over  a period  of  time.  (25)  For  this  experiment  the  inverted  U 
curve  may  offer  an  explanation  of  time  related  changes  in  performance, 
pending  the  conditions  of  those  changes. 

Any  experiment  that  places  a demand  on  a subject  over  a period  of 
time  must  consider  fatigue  as  a possible  factor.  Fatigue  can  be  of  two 
types;  muscular  or  general.  General  fatigue  is  defined  by  different 
authors  according  to  either  the  caustive  Factors  or  the  particular  affect- 
ed physiological  parameters.  Visual  fatigue,  nervous  fatigue,  and  fatigue 
caused  by  monotonous  work  are  all  specific  classifications  of  general 
fatigue.  (10) 

McFarland  has  shown  that,  although  fatigue  is  different  for  the 
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Inverted  'U'  Curve  (25) 
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different  physiological  systems,  it  is  possible  to  fatigue  other  seeming- 
ly unrelated  systems  through  the  application  of  stress  at  some  other 
point  in  the  bio-system.  (20)  This  result  can  be  seen  in  experiments  in- 
volving very  exhausting  work.  As  an  example,  it  was  found  that,  in 
severe  exercise  on  a bicycle  the  subject's  adaptation  and  mental  perfor- 
mance deteriorated  as  well  as  their  physical  ability  to  operate  the  bicy- 
cle exercise.  This  result  indicates  that  any  fatigue  determined  to  exist 
during  operation  of  the  tracking  task  may  be  the  consequence  of  some  fac- 
tor other  than  the  said  operation. 

Krivohlavy  (19)  in  a paper  dealing  with  fatigue  in  industry,  cited 
numerous  studies  which  utili2ed  vision  as  a measure  of  fatigue.  Speci- 
fically, it  was  found  that  pupil  diameter,  as  well  as  visual  acuity, 
showed  a marked  decrease  over  time  during  fatiguing  activities.  Krivoh- 
lavy found  that  vision  tests  measuring  pe>*ceptual  performance  in  a self- 
paced  situation,  taken  at  various  times  during  a work  shift,  steadily 
diminished  during  the  shift.  The  question  left  unanswered  by  Krivohlavy's 
study  is,  whether  fatigue  of  the  musculature  is  being  measured  by  changes 
of  the  visual  capabilities  or  if  it  is  actually  the  visual  system  which  is 
being  fatigued.  This  experiment  uses  statistical  methods  to  determine 
what  factors  effect  the  subject's  performance. 

Of  studies  concerned  with  the  consequences  of  adverse  lighting,  few 
consign  fatigue  as  a direct  function  of  improper  illumination.  Numerous 
highway  studies  have  examined  the  relationship  between  proper  street 
lighting  and  accident  rates  but  again,  most  are  reluctant  to  consider 
driver  fatigue  as  the  result  of  too  much  or  too  little  lighting. 

Efforts  to  measure  fatigue  by  performance  have,  in  the  past,  been 
relatively  unsuccessful.  C.  Cameron  (5)  stated  in  a report  on  fatigue 
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that  a driver  nhows  no  significant  deterioration  in  performance  until 
after  he  has  been  working  continuously  for  periods  of  16  to  20  hours. 
Numerous  other  test  results  show  similar  time  intervals.  It  seems  then, 
that  initially  the  effect  of  fatigue  is  somehow  hidden  from  simple  perfor- 
mance measurement.  Some  experimenters  suggest  that  in  laboratory  studies 
subjects  tend  to  compensate  for  adverse  conditions  such  as  lighting  by 
trying  harder.  In  a report  dealing  with  fatigue  in  modern  life,  (20) 
McFarland  states,  "What  is  needed  to  prevent  masking  of  fatigue  is  a com- 
bined measure  of  both  speed  and  accuracy."  To  compensate  for  this  result 
the  subject's  galvanic  skin  response  (GSR)  was  monitored  during  the  ex- 
periment investigated  in  this  paper. 

In  a paper  for  the  Texas  Transportation  Institute,  a drivers  GSR  was 
monitored  while  the  drivers  operated  their  automobiles  over  roadway  sec- 
tions of  various  illumination  levels.  (7)  The  results  showed  that  in- 
sufficient, as  well  as  excessive  roadway  lighting,  affected  the  drivers' 
galvanic  skin  resistance. 

The  GSR,  when  used  properly,  can  be  an  indicator  of  central  nervous 
system  events.  In  1888  Fer^  demonstrated  that  rapid  fluctuations  in  skin 
resistance  could  occur  in  response  to  emotional  stimulation.  It  is 
currently  thought  that  these  fluctuations  are  due  to  a change  in  the 
total  permeability  of  a selective  cutaneous  membrane  in  response  to  the 
arrival  of  impulses  carried  by  cholinergic  sympathetic  nerves.  (4) 

The  GSR  can,  in  addition  to  its  emotional  information,  indicate  levels 
of  arousal.  Higher  levels  of  arousal  are  accompanied  by  lowered  skin  re- 
sistance. Changes  in  electrodermal  reflex  are  rapid,  usually  requiring 
fractions  of  a second  to  reach  peak  values.  This  rapid  response  to  a 
given  stimulus  is  in  itself  another  measure  of  a subject's 


psychophysiologlcal  state.  Ryan  and  Warner,  investigating  fatigue  and 
its  effects  in  car  drivers,  found  that  fatigue  caused  a delay  in  a sub 
ject's  galvanic  skin  response.  (10) 


CHAPTER  III 

EXPERIMENTAL  PROCEDURE 

This  chapter  presents  a description  of  the  methodology  and  equipment 
used  in  this  experiment.  In  addition,  a presentation  of  the  related 
statistical  methods  is  included. 


Equipment 

The  subject  views  the  target  from  a Tektronix  Type  556  Dual -Beam 
Oscilloscope.  Seated  approximately  two  feet  from  the  face  of  the  scope, 
the  subject  uses  a two-dimensional  joy-stick  to  hold  the  target  at  the 
center  of  the  screen.  The  target  is  driven  by  two  random  signal 
generators  through  an  EAI  680  analog  computer.  A circuit  diagram  is 
shown  in  Figure  2. 

This  circuit  has  three  basic  divisions;  the  display  circuit,  the 
error  circuit,  and  the  GSR  circuit. 

The  display  circuit  originates  with  four  track-store  amplifiers 
sampling  two  random  noise  generators  at  a rate  of  1.67  samples  per 
second.  This  random  signal  is  then  added  to  the  subject's  input.  From 
this  point  it  is  integrated  and  inverted  before  being  displayed  through 
the  oscilloscope  cross-plot. 

The  Integration  operates  at  a rate  of  one  volt  per  second  per  volt- 
input  with  the  oscilloscope  set  to  scale  one  centimeter  for  every  two 
volts-input.  Consequently,  the  target  moves  at  a rate  of  0.83cm/sec 
per  volt- input  to  the  integrators. 

The  error  circuit  sums  the  subject's  signal  and  the  random  signal 
and  calculates  the  two  dimensional  mean-square  error.  When  the 


8 


10 


accumulated  mean-square  error  exceeds  0.25  the  comparator  puts  the  time 
ramp  in  the  hold  mode  while  the  digital  part  of  the  680  computer  reads 
this  value  from  the  time  ramp.  Once  this  operation  is  complete,  the 
error  circuit  is  zeroed  and  operation  is  started  over.  The  time  ramp 
and  error  circuit  is  also  zeroed  through  the  use  of  a push-button  any 
time  a flash  from  the  Porta-Glare  occurs.  The  error  circuit  also 
measures  the  target's  distance  from  center.  When  target  distance  from 
center  exceeds  one  centimeter  in  any  direction,  a parallel  error  circuit 
sounds  a buzzer.  The  total  amount  of  time  the  buzzer  operates  during  a 
run  is  determined  by  the  use  of  another  time  ramp. 

Tne  GSR  signal  is  determined  by  the  ten  volt  complement  of  the  vol- 
tage drop  across  the  subject's  middle  and  index  fingers.  At  the  start 
of  a run  this  signal  is  adjusted  by  use  of  a hand-set  potentiometer  to 
fall  in  the  range  of  1.0  - 1.5  volts.  The  remaining  GSR  circuitry 
determin'.':  the  peak  value  obtained  during  each  perturbance  of  the  error 
circuit.  This  peak  value  is  recorded  along  with  the  time  to  error  data 
point. 

The  digital  program  used  to  control  the  analog  circuitry  is  listed 
in  Appendix  A.  In  addition  to  recording  the  data  this  progr.’im  sets  key- 
board potentiometers  and  provides  preliminary  data  analysis.  A sample 
output  is  included  with  the  programs. 

Experimental  Conditions 

The  operation  is  first  explained  to  each  subject  prior  to  a practice 
run.  These  runs  are  continued  until  the  subject  is  able  to  control  the 
target  without  sounding  the  buzzer  for  ten  consecutive  minutes.  At  this 
time  the  GSR  electrodes  are  attached  and  from  one  to  three  runs  are  made 
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depending  upon  allowable  time.  Runs  lasted  thirty  minutes  and  took  place 
at  all  times  of  the  day,  depending  upon  the  subjects'  availability.  Con- 
trol runs  were  preceded  by  thirty  minutes  adaption  time.  A minimum  of 
fifteen  minutes  rest  was  given  between  consecutive  runs.  Following  the 
last  run  each  subject  filled  out  a questionnaire  (Figure  3,  page  12) 

Prior  to  any  run,  the  subject's  part  in  the  experiment  is  reviewed. 
This  is  done  by  reading  a set  of  instructions  (Figure  4,  page  13)  to  the 
subject.  The  room  was  then  darkened  to  effect  dark-adaption  of  the  sub- 
ject's ocular  system.  After  thirty  minutes  the  buzzer  is  sounded  to 
notify  the  subject  of  the  end  of  the  dark  adaption  period  and  the  begin- 
ning of  operation.  The  first  three  minutes  of  operation  are  used  to  re- 
familiarize the  subject  with  the  tracking  task.  After  this  time  the 
subject  is  again  notified  and  the  actual  run  begins. 

Runs  lasted  thirty  minutes.  During  this  time,  four  flashes  of  four 
second  duration  and  800  foot-candle  Intensity  are  given  from  a Porta-Glare 
unit  placed  22  degrees  above  the  subject's  line  of  sight.  These  flashes 
occur  at  five  minute  intervals  with  the  exception  of  the  last,  which 
comes  after  a ten  minute  delay.  See  time  line  shown  below  in  Figure  5. 

~rb h h 5T)~ 

FIGURE  5 

RUN  TIME  LINE  (IN  MINUTES) 

( I INDICATES  FLASH) 


Experimental  Desigri 

The  experiment  for  this  investigation  is  a three  factor,  Latin 
square  design  involving  both  fixed  and  random  effects.  (10)  The  condition 
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Subject  Number  

Name Sex  

Date  Tested  Aqe  

Time  of  Test  

Amount  of  Practice  Time Does  the  Subject 

Practice  Sample  Mean  Wear  Glasses  

Practice  Standard  Deviation  Wear  Contact  Lens 

Smoke  

Drink  

If  yes,  when  was 
last  time 


♦**★★★*★*****★*★*****★★****★*****★**★★*★**★*★***★★**★★*★★★***★*★*********■ 

Post  Run  Questions 

Did  you  feel  fatigued  during  a run  

If  so,  when  

What  effect  did  the  glare  have  

What  effect  did  the  buzzer  have  

Did  you  lose  sight  of  the  grid  

Did  you  lose  sight  of  the  dot 

If  so,  when 

Was  any  color  better  than  the  other 

Best 

Worst  

#*i*******  #★*★■*★****♦*  ★♦♦★★★♦♦*i»'***************'**  *******  ****************** 

COMMENTS; 


FIGURE  3 


DATA  SHEET  1 


gg.  TiminiT 
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At  the  beginning  of  the  experiment  you  will  be  given  thirty  minutes 
In  which  to  become  accustomed  to  the  control  of  the  equipment. 

The  control  stick  at  your  right  hand  controls  the  movement  of  the 
dot  on  the  screen.  If  you  move  the  stick  back  the  dot  moves  up,  If  you 
move  the  stick  forward  the  dot  will  move  down,  moving  the  stick  to  the 
right  and  left  will  cause  the  dot  to  move  In  that  direction.  Your  objec- 
tive Is  to  hold  the  dot  on  the  cross  hairs  of  the  screen,  or  as  close  as 
you  can. 

At  the  end  of  your  practice  run  you  will  be  placed  In  a darkened 
room  for  about  thirty  minutes  In  order  to  allow  your  eyes  to  become  dark 
adapted.  After  this  time  the  buzzer  will  sound  and  you  will  be  given 
two  minutes  of  practice  time,  and  then  the  operators  will  place  the 
analog  computer  Into  the  Initial  condition  mode  for  fifteen  seconds. 

This  will  move  the  dot  to  the  center  of  the  screen  and  hold  It  there.  At 
this  time  the  machine  will  be  placed  Into  the  operate  mode  and  will  begin 
taking  data. 

During  the  run  there  will  be  from  two  to  five  flashes,  with  each  run 
lasting  approximately  thirty  minutes.  At  the  end  of  the  run  an  operator 
will  change  the  filters  on  the  screen.  You  will  then  be  given  a short 
rest  period  to  readjust  your  eyes  to  the  room  and  the  next  run  will  begin. 

If  you  have  any  questions  ask  the  operator  at  this  time. 


FIGURE  4 
INSTRUCTIONS 


SHEET  2 
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sequence  for  each  subject  is  determined  by  first  assigning  each  condition 
a numerical  range.  Conditions  are  then  assigned,  using  a random  numbers 
table,  subject  to  the  stipulation  that  each  subject  must  experience  each 
experimental  condition.  The  resulting  Latin  square  is  shown  in  Figure  6. 
All  subjects  used  were  selected  from  engineering  graduate  students. 

With  this  experimental  structure  the  subjects  are  not  considered  as 
repeated  samples.  Rather,  each  subject  is  treated  as  a different  experi- 
mental level.  The  repeated  factor  within  the  bljck  is  the  flash  from 
the  glare  source.  Data  points  shown  in  the  block  of  Figure  6 represent 
the  number  of  perturbances  from  the  start  of  the  experiment  to  the  time 
of  the  flash. 

For  piJ'^DOses  of  analysis,  the  subjects  are  later  treated  as  repeated 
samples  In  this  case  the  data  is  standardized  for  each  subject- 
condition. 
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SUBJECT  NUMBER 


FLASH 

001 

002 

003 

004 

005 

I 

1st 

C 

16 

R 

19  0 

15  W 

31 

B 

2nd 

0 

33 

37 

31 

63 

3rd 

N 

47 

56 

45 

95 

4th 

T 

81 

93 

77 

159 

II 

1st 

35*  0 

15 

B 

22  w 

27  R 

C 

2nd 

61 

32 

43 

40 

0 

3rd 

85 

47 

62 

107 

N 

4th 

129 

77 

101 

129 

T 

III 

1st 

29  B 

C 

18  R 

19  0 

30 

W 

2nd 

53 

0 

39 

40 

51 

3rd 

74 

N 

58 

59 

76 

4th 

117 

T 

95 

104 

124 

IV 

1st 

23  R 

16 

W 

17  B 

C 

28 

0 

2nd 

46 

33 

33 

0 

54 

3rd 

73 

49 

48 

N 

84 

4th 

120 

65 

81 

T 

138 

V 

1st 

27  W 

17 

0 

C 

13  B 

28 

R 

2nd 

50 

34 

0 

29 

57 

3rd 

70 

51 

N 

44 

83 

4th 

no 

84 

T 

73 

143 

0 = Orange  Red 
R = Red 
B = Blue 
W = White 
CONT  = Control 

* Numbers  indicate  the  value  of  the  subscript  i of  corresponding  to 
1st,  2nd,  3rd,  and  4th  flash  respectively. 


FIGURE  6 


EXPERIMENTAL  BLOCK  DESIGN 
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shows  that  this  distribution  is  approximately  normal  (see  Figure  7). 
Appendix  B contains  a program  to  rank  the  data  and  plot  a frequency  histo- 
gram for  the  control  runs.  By  comparing  the  histogram  plot  for  subject 
number  four  to  the  histograms  (also  contained  in  Appendix  B)  for  the  other 
subjects,  it  can  be  shown  that  the  data  taken  is  approximately  normal 
for  all  subjects. 

The  next  step  in  the  statistical  analysis  is  to  combine  a series  of 
the  T values  to  obtain  new  data.  This  new  data  represents  the  frequency 
of  errors  in  consecutive  275  second  intervals  for  each  subject  condition 
level  and  is  given  by  Y in  the  equation: 

I 

Y = I/(  I T.  >275) 
i 

At  this  point  an  analysis  of  variance  can  be  done  to  determine  what 
factors  have  an  influence  on  a subject's  performance.  The  first  model  for 
analysis  (model  1)  is  a three  factor,  mixed  mode,  with  no  replications. 

The  statistical  metrod  for  this  analysis  is  described  in  Chapter  V of 
Statistical  Principles  in  Experimental  Design  by  Winer  (26). 

As  applied  to  this  experiment,  Winer  proposes  two  experimental 
model s : 


(i)  Y.j^  = u + S.  + C.  + + SC.j  + SF.^  ^ -jk  ■ -^"'ijk  ' '-ijk 


CF. 


+ SCF,.,  + t..| 


^jk  = ^ S ^ ^ ^ ^^ij  ^ " ^^ik  " Mjk 

Equation  (ii)  is  termed  the  additive  model,  whereas  (i)  is  considered 
the  non-additive  model.  The  lorm  "additive"  implies  that  the  components 
of  the  three-factor  interaction  are  homogeneous  and  may,  consequently, 
be  considered  as  an  estimate  uf  experimental  error. 


To  determine  which  model  should  be  used,  the  variation  due  tc 
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FIGURE  7 

RANKED  DATA:  SUBJECT  FOUR 
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sources  other  than  main  effects  is  divided  into  tv/o  parts.  One  part, 
called  nonadditivity,  corresponds  to  the  linear  x linear  component  of 
the  SCF  interaction.  The  other  part,  called  balance,  is  what  is  left. 

If  the  nonadditivity  component  is  significantly  larger  than  the  balance, 
it  is  determined  that  the  three-factor  interaction  estimated  a source  of 
variation  different  from  experimental  error.  In  this  case  model  (i) 
would  be  chosen.  If  model  (ii)  is  chosen,  then  the  triple  interaction 
term,  SCF,  is  considered  an  estimate  of  experimental  error. 

For  this  experiment,  model  (ii)  is  found  to  be  the  most  appropriate 
when  tested  at  the  0.95  level  of  significance.  The  program  to  find  the 
appropriate  model  and  the  Analysis  of  Variance  table  is  shown  in  Appendix 
C. 

The  results  of  this  test  show  the  subject  to  be  the  most  significant 
factor  affecting  the  data.  In  an  effort  to  remove  this  subject  effect, 
the  data  is  standardized  for  each  subject-condition.  The  standardized 
subjects  are  then  treated  as  repetitions.  Figure  8 is  a sketch  of  this 
new  model  (model  2) . 


CONDITION  (j)  1 1 j 1 2 

I 

FLASH-TIME  (k)  1 1 k ^ 6 

I 

SUBjkT  (i)  1 < i < 5 


FIGURE  8 
MODEL  2 

The  data  Is  standardized  by  finding  the  mean  and  standard  deviation 
for  each  subject-condition  and  using  them  in  the  equation 
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Standardizing  the  data  in  this  manner  does  not 
remove  the  underlying  effect  of  the  control  condition,  but  rather,  puts 
the  subjects  on  the  same  level. 

Once  the  data  is  in  this  ^orm,  the  model  shown  in  Figure  8 is 
analyzed  as  a two  factor  mixed  model.  The  program  for  this  analysis, 
along  with  the  corresponding  results,  is  in  Appendix  C.  These  results 
show  the  condition  sum  of  squares  equal  to  zero.  This  is  due  to  the  fact 
that  the  mean  of  standardized  data  equals  zero. 


CHAPTER  IV 


RESULTS  AND  DISCUSSION 


The  results  of  the  analysis  of  variance,  of  experimental  model  one, 
are  tabulated  in  Table  1.  From  these  results  the  mathematical  equation 
for  model  one  is  derived.  Any  factor  (tabled  under  the  heading  SOURCE) 
whose  calculated  F value  exceeds  the  value  of  the  F statistic  at  the  .05 
level  of  significance  is  included  in  the  model  shown  below: 

''uk  ' “ * ^ + CFj,  . SCF,J^  + (1) 

The  most  significant  factor  of  this  model  is  the  subject.  For  this 
reason  the  analysis  of  model  two  was  deemed  advisable. 

The  results  of  the  analysis  of  model  two,  as  described  in  chapter 
three  are  tabulated  in  Table  2.  This  table  shows  both  the  time  factor,  F, 
and  the  condition  x time  interaction  term  to  be  significant  at  the  .05 
level  of  significance. 

The  resulting  mathematical  equation  for  model  two  is: 


''jkd)  = “ * * '^'^jk  * >^((,ik) 


(2) 


If  the  terms  involving  the  subject  effect  are  omitted  from  model 
one,  the  result  is  model  two.  However,  the  two  inodels  differ  in  that 
model  two  shows  the  condition-time  interaction  to  be  more  significant 
than  the  time  factor  alone,  whereas  model  one  expressed  the  opposite 
result.  There  is,  however,  no  real  inconsistency  between  the  two  models. 
Model  one  says  that  for  a particular  subject,  performance  is  dictated 
primarily  by  the  subject's  individual  ability  and  secondly,  by  how  long 
the  subject  has  been  operating  the  tracking  task.  Model  two  says  that 
if  the  effect  of  a subject's  individual  ability  is  mathematically 
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Table  1 


ANOVA  Model  1 


SOURCE 

DF 

SS 

MS 

F 

p.05 

DF.DF 

S 

4 

.274545 

.068636 

1653.646729 

2.93 

C 

1 

.000159 

.000159 

3.830486 

4.41 

F 

5 

.258067 

.051613 

1243.518799 

2.77 

SC 

4 

.001382 

.000345 

8.321779 

2.93 

SF 

20 

.017314 

.000866 

20.857750 

2.19 

CF 

5 

.000576 

.000115 

2.773768 

2.77 

SCF 

18 

.000747 

.000042 

NONADD 

1 

.000154 

.000154 

BALANCE 

17 

.000593 

.000035 

Table  2 
ANOVA  Model  2 


SOURCE 

DF 

SS 

MS 

F 

p.05 

'‘DF.DF 

C 

1 

.000000 

.000000 

.000000 

zeros 

F 

5 

56.200233 

11.240046 

3.032072 

2.42 

CF 

5 

65.860474 

13.172094 

3.553254 

2.42 

ERROR 

48 

177.938477 

3.707051 
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standardized  for  all  subjects,  the  primary  factor  influencing  performance 
is  the  contition-time  interaction.  It  is  to  be  expected,  that  removing 
the  very  large  subject  effect,  will  provide  a closer  look  at  the  effects 
of  the  other  factors. 

Figure  9 shows  a graphic  representation  of  the  results  of  model  two. 
For  this  graph  the  average  standardized  subject  response  for  each  level 
of  the  condition  and  time  factors  are  plotted  as  performance  versus  time 
for  each  of  the  two  condition  levels.  Since  on  this  graph  performance 
is  measured  by  error  frequency,  higher  data  values  indicate  poorer  per- 
formance. 

This  graph  shows  that  under  the  glare  condition  performance  increases 
with  time.  The  control  condition  data,  as  plotted  in  Figure  9,  shows  no 
definitive  trend.  The  comparatively  good  performance  during  the  middle 
ten  minutes  of  the  control  condition,  followed  by  the  conversely  poor 
petformance  during  the  succeeding  ten  minute  interval,  can  partly  be 
explained  by  the  subject's  response  to  the  questionnaire  in  Appendix  B. 
Four  out  of  the  five  subjects  complained  that  the  control  run  seemed  far 
longer  than  any  of  the  others.  It  is  probable  then,  that  the  subjects' 
ability  to  keep  track  of  time  during  a control  run  decreased,  resulting 
in  psychologically  but  not  visually  fatigued  subjects. 

Further  insight  to  the  meaning  of  the  data  graphed  in  Figure  9,  can 
be  gained  by  examination  of  the  GSR  data.  Program  three  in  Appendix  C 
investigates  one  possible  relationship  between  the  subject's  performance 
and  his  corresponding  GSR  reading.  The  proposed  relationship  says  that 
any  increase  in  performance  will  have  associated  with  it,  a decrease  in 
galvanic  skin  resistance.  Due  to  the  method  by  which  the  GSR  is  measured 
in  this  experiment,  a decrease  in  skin  resistance  is  evidenced  by  an 


increase  in  the  GSR  reading.  The  results  of  program  three  are  shown  in 
Table  3. 
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Table  3 

GSR  Versus  Performance 


SUBJECT 

NN* 

M** 

Control 

1 

77 

85 

2 

43 

51 

3 

47 

57 

4 

46 

39 

5 

96 

85 

Flash 

1 

63 

65 

2 

39 

60 

3 

56 

60 

4 

41 

50 

5 

69 

82 

* NN  = 

number  of  points 

for 

which  GSR 

follows  performance. 

**M  = 

number  of  points 

for 

which  GSR 

does  not  follow  performance. 

The  heading  NN  in  Table  3 represents  the  number  of  data  points  in 
which  the  proposed  relationship  holds,  while  M is  the  number  of  times  it 
does  not.  For  the  control  runs,  NN  exceeds  M for  only  two  of  the  five 
subjects;  and  for  the  flash  runs,  NN  never  exceeds  M. 

Program-AVG  in  Appendix  C is  an  attempt  to  directly  relate  the  GSR 
levels  to  the  data,  graphed  in  Figure  9.  This  program  finds  the  average 

LGSR  value  fo»  consecutive  275  second  intervals,  for  each  subject- 
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condition  level.  The  GSR  values  are  then  standardized  and  averaged  to 
obtain  one  data  point  for  each  condition-flash-tine  level.  Figure  10 
is  the  resulting  plot  of  this  data. 

By  comparing  Figures  9 and  10,  it  can  be  seen  that  in  general  the 
trends  of  the  plotted  data  n.'e  the  same.  This  relationship  holds  for  all 
but  one  point  on  the  glare  data  and  for  all  but  two  points  on  tie  control 
run.  For  the  glare  run,  the  fifth  points  do  not  follow  the  general  trend, 
while  for  the  control  run  both  the  third  and  sixth  points  disturb  the 
overall  pattern. 

The  qL^stionnaire  provides  some  comments  trom  the  subjects  concern- 
ing the  effect  of  the  experiment.  Three  out  of  five  subjects  admitted 
to  feeling  fatigued  as  a consequence  of  the  experiment.  However,  only 
two  of  the  five  subjects  express  the  glare  as  bothersome:  the  other  three 
subjects  express  the  control  run  as  the  worst  experimental  ccndition. 

More  specifically,  these  subjects  find  the  glare  to  be  a welcome  change 
of  pace. 


CHAPTER  V 


SUMMARY  AND  CONCLUSIONS 

Five  subjects  were  tested  to  determine  the  effects  of  repeated 
flashes  from  a glare  source  on  the  performance  of  a tracking  task.  The 
task  was  given  under  five  different  experimental  conditions.  Analysis  of 
Variance,  as  well  as  graphical  methods,  were  applied  to  the  control  and 
white  condition  runs  to  determine  the  effect  of  the  glare. 

The  Analysis  of  Variance  indicates  that  both  flash-time  and  the 
condition-flash-time  interaction  terms  affect  subject  performance.  The 
graph  of  the  glare  data  (Figure  9,  page  23  ) shows  an  overall  increase  in 
performance  with  respect  to  time.  It  is  probable  that  the  exceptionally 
poor  performance  during  the  first  275  seconds  of  the  glare  run  is  the 
result  of  subject  anticipation  of  the  first  flash.  The  increasingly 
better  performance  during  the  glare  runs  suggests  that  the  subjects 
hold  the  glare  as  the  condition  to  be  coped  with.  Consequently,  the 
subjects  consistently  strive  to  overcome  the  obstacle  of  the  flash, 
during  the  entire  glare  run.  The  result  is  a good  approximation  of  a 
learning  curve. 

The  graph  of  the  control  data  shows  a similar  increase  in  perfor- 
mance up  to  and  including  the  fourth  275  second  interval.  However, 
during  the  fifth  time  Interval  there  is  a drastic  decrease  in  performance, 
followed  by  a significant  improvement  in  succeeding  time  intervals.  One 
explanation  of  this  result  is  that  the  subjects  view  the  control  run  as 
simply  a necessary  experimental  reference;  it  represents  no  challenge 
and  presents  no  new  obstacle  for  them  to  surmount.  This  result  is  com- 
plimentary to  the  findings  of  McFarland  as  noted  in  Chapter  II,  page  3 , 
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of  this  report. 

A further  explanation  of  the  drastic  shift  in  performance  after  20 
minutes  of  a control  run,  can  be  gained  from  the  inverted  U curve.  The 
inverted  U curve,  as  applied  to  the  control  run,  indicates  that  after  the 
first  20  minutes  the  subject's  level  of  arousal  has  dropped  far  below  the 
optimal.  The  subject  has  relaxed  his  performance  standard.  The  sudden 
shift  to  a lower  level  of  arousal  is  indicative  of  a psychologically 
fatigued  subject. 

The  findings  of  this  paper  show  the  glare  to  be  advantageous  in  that 
it  tends  to  hold  the  subject's  level  of  arousal  at  or  near  the  optimal. 

Future  investigations  should  effectively  reverse  the  titles  of  the 
two  runs  in  an  effort  to  indiscretely  and  falsely  convince  the  subjects 
that  what  appears  to  be  a control  condition,  is  actually  the  condition 
under  investigation.  This  could  most  readily  be  accomplished  by  employing 
separate  groups  for  the  control  and  glare  runs,  using  care  not  to  inform 
the  one  group  of  the  existence  of  the  other. 

The  GSR  term,  as  graphed  in  Figure  10,  page  26,  suggests  that  a 
relationship  between  performance  and  galvanic  skin  resistance  does  exist. 
Further,  the  results  of  the  analysis  employed  by  this  investigation  show 
that  this  relationship  is  not  simplistic  in  form.  Rather,  the  manner  by 
which  galvanic  skin  resistance  can  be  used  to  indicate  a subject's 
transient  ability  to  perform,  involves  more  than  a discrete  GSR  value. 
Further  investigation  should  examine  the  continuous  GSR  wave  fo  m with 
respect  to  a similarly  continuous  measure  of  performance. 
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GLOSSARY 


C:  The  symbol  used  for  Condition  factor.  Subscripted  by  (j)  with  j = 1 

representing  a control  condition;  a j = 2 representing  a glare  run,, 

DF:  The  symbol  used  in  computer  programs  for  degrees  of  freedom. 

E(Y):The  expected  value  of  Y.  Estimates  y by  the  equation  ^ Y/n. 

n 

e:  The  symbol  used  for  the  error  term  in  the  statistical  analysis  of 

variance. 

F:  The  symbol  used  for  the  flash-time  factor.  Subscripted  by  (k) 

with  k = 1 through  6 corresponding  to  consecutive  275  second  inter- 
vals of  a run. 

MS:  The  stctistical  notation  for  mean  square,  found  by  dividing  the  SS 

term  by  its  corresponding  degrees  of  freedom. 

p:  S>'mbol  used  to  represent  the  population  mean. 

RUN:  A generalized  term  used  when  referencing  the  entire  thirty  minutes 
of  operating  the  tracking  task. 

S:  The  symbol  used  for  Subject.  When  subscripted  by  (1  ^ i ^ 5),  S 

refers  to  a particular  subject. 
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Sample  standard  deviation. 

SOURCE; Heading  used  in  analysis  of  variance  to  indicate  the  source  of  the 
variation. 

SS:  Symbol  used  by  analysis  of  variance  programs  to  represent  the  sum 

of  squares. 

STANDARDIZED: Used  in  reference  to  daca  which  has  been  manipulated  by 
^(Y  - E(Y))/^. 
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ijoe 

SEX.RIFOR 

A4  200*2  ) 

01  MENS  I DM  VAL( IG)*PT( 10) ,VALUE(200),GSR(200) 

LAi-LEGtiU-aPj: . 

LOGICAL  LOGVALt  SETtRf'SLT 
OAIA  iCARU*  IPRiijT,  ITV*  IK80/6, 16. 1*2/ 

DATA  PT{  1)  , PT(2)  ,PT(  3)  ,PT(-  ) , PT  ( ) , P H 6 ) /ArtP0<^2  , 
I<iHP0A3,^HP063,<iHP0a2 ,4HP100,^HP102/ 

DATA  PT  ( 7)  , PT(  8 ) /^HPOjA,  AHPDC 
DATA  Pri9I/AliPD40/ 

DATA  VAL(1).VAL(2),VAL(T),VAL(4)  » VAL  ( 6)  . VAL  (6)  / . 999<?,.  3, 

1.5, .01, .9999  ,.25/ 

DATA  VAL( 7) ,VAL(8)/.75, .75/ 

DATA  VAL(9)  /.OJJlj/ 

DATA  PT ( 1 ) ) /4HP  108/ 

DATA  /ALIlJi/.Oulu/ 

DATA  SET  , Rt  StT/ . TROt:  . , . f ALSb  ./ 

HPT=40 

CALL  QSHYIM(  If  RK.^.b  j ) 

CALL  QSDLYKI2. , ItRR) 

C INSTRUCTIOfJ  l\«IA 

lib  CQAiIliUc 
TYPh  115 

115  EJRMAT(iJH  I jS  TRUl  T lu.4S  ) 

TYPE  215 

215  FUKMAT(4lri  SET  PUiri  bUTTu‘4  I U4,  PUSH  BUTTU\  4 OFF  ) 

TYPE  515 

316  FUKFlAI  ( 3i3il  PLACE  1.4  ij>«6,  A:.U  iLd.-J  MuuL  ) 

TYPE  ^15 

<il5  FORMAT  ( 55HTUK14  lM  SCUPt  A\0  SELECT  CKOSSPLdT  ) 

TYPc  515 

515  FUKMAK^tbMPLACE  Ci'OilEKS  A,Nu  MC'iOS  T A 3L  E S AT  UtSlREU  VALU^^  ) 
TYPE  5?5 

525  FUKMATIJIH  PLACE  1 :IU  ^L'K^AL  A 4U  SECU^OS  ) 

TYPE  615 

bis  r0KKAf(50H  wHEN  YdU  rtl5.*  lU  ST  JP  kU'4  PLALL  PUSH  DUTTUN  A UN  ) 
TYPt  ns 

715  F0RMATI32H  If  YOU  HAVE  L)L)  4fc  I'-'IS  IY^l  A 1 ) 

REAU(  IKbU,  A 3)  JAA 
lFtJAA-llllb,21b,llC 

216  CONTINUE 

UU  10  1 = 1,1.) 

CALL  UWPR ( P T ( I ) , V AL I I ) , I f KK  I 
CALL  USULYHI  luj.,  iLKf' ) 

1 0 CUNT  I 4UL 

CALL  OSIU IlRR) 

CALL  GSUL  YR  ( 1 i.  , I ■ rk  ) 

CALL  UWCLL ( I , S.  I , 1 . <R  ) 

CALL  CSt  LYKl  / , , I . ''K  ) 

C TO  INPUT  Tml  UUMSLR  uf  SUtJJtt  fS  PRL^lUUSl.  Y TtSTlU 

CALL  CSi:f>(  1 .hit) 

CALL  wSuLYKI 13., IlRK) 

NR  I TM  I I V,  I 1 ) 

11  FORMAT  (56HlnT:k  THl  4U.'^3(1P  ,F  SUbJtCTS  PREVIOUSLY  TfSTtO) 
RFAIX  IMiO,  I ? ) I SPT 
12  FUKhATIli) 


GLAR£UO0 
GLAREOOl 
GLARE002 
GLAR6003 
- -GLAREGOA-. 
GLARE005 
GLARE 006 
GLARE007 
GLAHE008 
GLARE009 
GLAREOIQ 
GLAREOll 
GLARE012 
GLARE013 
GLARE014 
GLARE015 
GLAREQI6 
GLARE017 
GLARE018 
GLARE019 
GLARE020 
GLARE021 
GLARLJ22 
GLARE023 
GLARE02A 
GLARE025 
GLARE026 
GLARE027 
GLAKE028 
GLARF029 
GLARE030 
GLARE J3l 
GLAKE032 
GLARE033 
GLAKEOiM 
GLARE J3S 
GLARE036 
GLAREQ37 
GLARE038 
GL  ARE039 
GLARfcO^O 
GL AREOAI 
GLAREU^t? 
GLARL0A3  j 
GLAREO<»A 
CLAREUA5  I 
GLARE0A6 
GL ARE047 
GL  AREU<*8 
GLARFuM9 
glarloso 

GLARLU51 
GLARL052 
GLARL053 
oLARLOSA 
GL AHtuSS 
GLARE056 


35 




13  format  I38HSET  PUSH  BUTTONS  TU  ZERO  THEN  TYPE  I ) 

14  REAOUK&a«<»011A 
40  FORMAT!  ID 

IF  UA=^lU^,5a*5a 
50  CALL  QWCLL! URESET, lERR) 

CALL  GWCLU  ItSET,  lERR) 

CALL  0SCLYAl2.,lEi<Rl 

C=0 

J»0 

ISPT=ISPT+l 

15_  ...CALL  iiRCPi-Li4*LiaCVAL^lhRai 
CALL  aSULYR(2., IbRR} 

IFl.NOT.LU:iYAU  jU  ib 
CALL  URBAUR{VALuC.6, !♦ lERR) 

CALL  CRbAORtGSRL.7,1* lERRI 
TYPE  1. J,VALUC,GS«E 
-1  - FCRMAiii3*cia*b^aia*6i  . 

CALL  aSLLYR(2., ILRR ) 

CALL  QWCLLli. RESET. ILRR) 

CALL  OSLLYk(L.,lERH» 

CALL  OMLLL( l.Stl . lEKR) 

CALL  «Sl.LYK(2.,  lERKl 
C»C41. 

J=  J + l 

VALUEU)=VAL0CyVAL(4  J 
GSR( J»*USKE 
lF{J-20i.)'7ll,^ll,  >12 

912  TYPt  9li 

913  EORKAriAUH  i-.ACEcCuU  J YALUE  LIMIT  ) 

C TO  STOP  AFTER  iO  MlJUTtS 

911  CALL  GRSLLl  J.LOoWAL,  Ih.R.Hl 
CALL  wSULYRlP.  . UKR» 

CALL  UKSLLl J.LJCVAL, lERR) 

CALL  aSuLYR(2,, IFKn) 

IF l.Nar^LUOMAL luO  lb 
?G  CALL  USh(IEKK) 

CALL  JRbAOR  IBT , j , 1 , I ERK ) 

CALL  QSULYk  ( 1 i.  , i t.KK  ) 

LRI TE ( I TV, 9 ) 

9 FUHMAT  (99hlf  ru!l  RlSH  A PM'.TiiiJl  OF  THE  VALUES  UF  THE 
i ARRAY  Then  TYP"*.  I M 
! READ!  lKbU,<»'))  It 
IFl IC-I) 123.6. 123 
C BEGIN  CiJMPlL  \r  lu  >i  ,,l-  DATA 

b WRITE! ITV. 16) 

It  format  (42HUJMPILAT  III  1 UF  OAIA  ANO  MRINTOUT  RFOINNlNl.) 

WRI  IlUPRINI  .2^1  ISPT 

26  format  ( IHl  , 2 IX  , a 1H(>R  I J TiJUT  .NF  ARkaY  VM.DFS  rOR  SUBJECT  NUMBER, 
Ub) 

WRI  TF  (HPT  , I 1 J 
bl  FORMAT!  I 3) 

UO  I»l,J 
TB=hiy VALll j) 

WRI  T(  (HPT  ,92  » 1 , VAl  l(  ( I ) ,G^^.  ( 1 ) 

b2  FORMA U I 3.F  10. 3.1  lu.  3) 

WR  I r F ( I P9  1 xT  , I •>  ) I , VAlU.  ( I 1 , .,9l<(  I ) , TiS 

la  FORMAT  ( . >X,  2HJ  = , n,  2lX,  T U.  3.F2C.  3.F  10. 3 j 


TU^ARtOSJ— 

GLARE058  < 

GLARE059 

GLARE060  | 

GLAR£GZ.l  1 

GLARE062  i 

GLAftf063— j 

G1.ARE064 

GLARC065 

GLARE066 

GLARE067  ; 

GLARE068  , 

GLAR£lia9  I 

GLARE070 

GLARE071 

GLARE072 

GLARE073  ; 

GLARE074 

GCAR£075  ; 

GLARE076 

GLARE077 

GLARE078 

GLARE079 

GLARF08O 

GLARLOai 

GLARE082 

GLAREU83 

GLARC004 

GLARE085 

GLARE086 

GLAHCoa? 

GLARE088 

GLARE089 

GLARE090  ' 

GLARE091  ! 

GLARE092 

GLARE 

GLARE094  | 

GLARE095  . 

GLARE096  I 

GLAREU97 

GLARE098 

GLAREU99 

GLARFIOO 

CLAPElOl 

GLARE  102 

GLAREi03 

GLARL lOA 

GLARE lOb 

GLARE  10F> 

GLARE  107 

GLARE  108 

GLARE109 

GLARE  no 

GLARElil 

GLAREll? 

GLARU13 

GLAREU4 

GLARkllb 

GLARE116 
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J0=1 

MMH=-9 

1=0 

00  iOUO  JJJ=1,20 

, 

i*I+lO 

IF  n-0)  1222, 1222»  11  11 
1222  COtMTIMUir 

CALL  SUPG( 1 ,oSR.J0ti0.f MMM) 

1000  C ALL  SOPWn  tVALUF*  JO,  10.  ,MMFi  1 
nil 

CALL  SUPG(I,OSK,JJ,C,l) 

CALL  SUPM( I , VALUE, JO.C,  1 ) 

I i2J  CONTiUUt 

f C TO  PLOT  Q.l  CKl 

i WRITrl ITV, 10) 

! 10  FUAMATlbJHUU  YLIU  WISH  THfc  VALUES  UR  THE  ARRAY  TO  BL  PLOTTED 

\ 1/,20M(F  YES  IHLr.  tyr)  ? ) 

21  REAL( IKbO,A  >!  IB 

! IF(  i(>-2)  122,24,  122 

j 24  CONTlNUt. 

! C PLOT  PROGRAM 

I UU  6Q  l=l,J 

j A( I ,l  )=I 

I A( I ,?)=VALULl n 

j 60  CONTINUE 

I CALL  APLi  T ( A,20t  , I , J ) 

122  C 0 r I JU  t 

C TU  :>rjp  GR  HCLu  at  TH;.  E Ju  L.f  A RUN 

wRiT^ ( nv,  1 : 1 ) 

Ijl  FORMAK  4GHTYPI  1 11  YOU  WiiU  Tu  STuP  IHl  EXPERIMENT, 

I / ,T7h2  IF  Yl.U  WISH  fi.  STAiT  A MW  SUBJECT, 

1 / ,43H  J IF  YoE  «lSn  TO  Hi.LO  waiting  A \LW  SUBJECT) 

IDS  KEAU(  IKBO,  1.^2)  JA 
i 1U2  FQRMAIlll) 

■jO  TU(liifi,lj,l(i),JA 
C SHUT  DOWN  SEWUL.Ln 

lOu  tONTl  JUt 
END 

subroutine  ARL  II  ( A,i\,  lPLi!l,N.>  ;l  ) 

I DIHL..WSl0.i  AID 

CALL  BEhI  n(  )(',  I ) 

CALL  ERASE 

! CALL  VtCTvIR 

XMAX^A(l) 

XMU*A(i) 

DU  JO  l=i,NPNr 

1 F ( ' ( I ) . L T . Y N I O X M I N r A ( 1 ) 

1F(  A(  I ) .cr.XMAX  ) XRAXMI  1 ) 

3o  CONTINUE. 

NDX^Ntl 
YMIN^AINCX ) 

YMAXs YMIN 
|'L>  yu  1 1 M , JHL. ■; 
uD  faO  12=1, NPNT 
SUX - II *NE I 2 

I F ( A ( NUX  ) . L I . Y M I O Y B 1 J = A ( Nl.  X ) 


GLARE117 

GLARE118 

GLARE119 

GLARE120 

CLARE121-- 

GL ARE  122  | 

GLARE123 

CLARE124 

GLARE125 

GLARE126  ^ 

GLAKE127 

GLARE128 

GLARE129 

GLARE130 

GLARE131 

GLARE132 

GLARE  133 

GLARE134 

GLARE135 

GLAPE136 

GLARE137 

GLARE138 

GLARE139 

GLARE140 

GLARE141 

GLARE142 

GLARE  143 

GLARE  144 

GLARE145 

GLARE146 

GLARE147 

GLAKE148 

GLARE149  ; 


GLARE  ISO 
GLARE151 
GLARE152 
GLARE153 
GL ARE 1S4 
GLARE1S5 
GLARE  15E. 
GLAKE157 
GLARE 1S8 
GLARE lb9 
GLARE  160 
GLARE  161 
GLARE  162 
GLARE163 
oLARt 164 
GLARE 16S 
GLARE  166 
GLARE  167 
!.L  ARE  16R 
GLARE  169 
GLA  AL  1 70 
GLARE  171 
GLARE  I 72 
GL ARE  173 
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IF( AIMUX),GT.YMAX)YKAX  = A(NDX  » 

GLARE17A 

80 

COixT  INUt 

GLARE175 

9Q 

CONTINUE 

GLARE  176 

XFACT*dOO,/ (XMAX-XMIM) 

GLARE177 



Yi=ACIsSuO*X  lYMAXr-mUti  

....  . 

GEAR£17B  - 

X0RG=( 1023.-800. )/2. 

6LARE179 

IF  tXKlri.LT.O.  )XUR&=2  2 3.-800.*XMlN/(  XMAX-XF.Ii4) 

GLARE180 

YURG=140. 

GLARE181 
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WRITE!  16,BlD)Cf  S(  jy)  , AyLAxil  J^-),FFF(  JQ) 
ttl5  FORMAT  ( F 13.0, 5HGSR  ,29hSAMHL[:  STAiiDARD  DEVIATION  IS  ,G18.6, 
114HSAMPLE  MEAN  IS  , G IH.  6,  1 IHMNFACT  IS  ,FB.A) 

RLTuao 

LNO 

SEX.RICIG 

IN,<= 

IN. RTRLOT, .OKI 

IO, RrHRTL*.0»tjl 
IN.RTkTL, .OK J 
FOR 

UN 

END 

SAS ,Hl ,30 
S AS • T 1 , . C U 


GLARE231- 

GLARE232 

GLARE233 

GL  ARE23A 

GLARE235 

GLARE236 

CLARE237 

GLARE238 

GLARE239 

GLARE2<^0 

GLARE241 

GLARE2A2 

GLARE243 

GLARE2AA 

GLAR6245 

GLARE246 

GLARE2A7 

GLARE2A8 

G1-ARE2A9 

GLARE250 

GLARE251 

GLARE252 

GLARE233 

GLARE25A 

GLARE255 

GLARE256 

GLARE257 

GLARE258 

GLARE259 

GL ARE260 

GLARL261 


3 


PRIMTJUT  OF  ARRAV  VAl.UCi,  ,'0»  SUhJtCT  NIiMREff 


39 


J«  t 

7,784 

,175 

3,418 

J»  2 

17,318 

,17P 

3.418 

Ja  3 

12,823 

al71 

3.418 

Ja  4 

17,«23 

.166 

3.418 

ja  3 

17,236 

• 169 

5,418 

ja  6 

3P,P29 

• 160 

3,418 

Ja  7 

21,826 

• 154 

3,418 

Ja  H 

15,967 

.195 

3,418 

Ja  9 

17,7M6 

,156 

3,418 

Ja  IP 

14,3P2 

.162 

3,418 

Ja  t 1 

13,429 

,167 

3,416 

Ja  12 

1 1,963 

.177 

3.416 

Ja  13 

21,729 

,173 

3,418 

Ja  14 

1 5,M8R 

,168 

3,41« 

Ja  IS 

1P,«7p 

,165 

3,418 

Ja  16 

17,02« 

.152 

3,418 

Ja  17 

24,266 

,167 

3.418 

Ja  1 rt 

27,686 

.165 

3.418 

Ja  19 

1 1 ,P66 

.153 

3,418 

Ja  2P 

14,191 

• 165 

3.418 

Ja  21 

15,636 

.152 

3,418 

Ja  22 

17, 12P 

.187 

3,418 

Ja  23 

19,383 

• 151 

3,418 

Ja  24 

1 5,M69 

.172 

3,418 

Ja  25 

21.533 

.172 

3,418 

Ja  26 

17,218 

,170 

3.418 

Ja  27 

13,4H9 

.182 

3.418 

Ja  26 

17.12P 

.187 

3,418 

Ja  29 

16,357 

• 155 

3,4  ! & 

Ja  3P 

18,311 

.160 

3,418 

Ja  31 

2U,  44 1 

.152 

3,418 

Ja  32 

13,31? 

.148 

3.418 

Ja  33 

6.299 

• 159 

3.4  18 

ra  34 

19,173 

.185 

3.418 

Ja  3S 

23,1’ 7 7 

.175 

3,418 

Ja  36 

1 4,679 

. 195 

3,418 

Ja  37 

16,748 

.177 

3.4  18 

Ja  38 

?i*  , riFH 

.179 

3,416 

Ja  39 

?P, 1 48 

.166 

3,418 

Ja  4P 

1 7 , r.  1 1 

,188 

3,410 

Ja  41 

26, 1 P5 

.172 

3,418 

J=  42 

19,48? 

.151 

3.418 

Ja  43 

? 1 , 7 1 

.154 

3,418 

la  4 4 

19,773 

.166 

3,418 

Ja  4 5 

1 7,P?3 

.187 

3,418 

Ja  46 

22,41? 

.171 

3.418 

Ja  47 

8,624 

.172 

3.418 

Ja  4 6 

19,46a 

.215 

3,418 

Ja  49 

21’,  831 

.161 

3.418 

J a S 

?P, 264 

,158 

3,418 

Ja  51 

14,893 

.151 

3,418 

Ja  5? 

25, 1 28 

. 1 7/ 

3 . 4 1 « 

ja  53 

15,636 

.283 

3,418 

Ja  3 4 

1 8 , 4 1'  8 

.198 

3.418 

Ja  55 

?‘*,5  38 

.158 

3,418 

Ja  36 

19,171 

. 1 52 

3,418 

Ja  57 

1 1 ,''84 

. 1 S3 

3.418 

Ja  56 

1 4 ,<i  1 4 

,168 

3.418 

Ja  59 

! 7 , 3 3 4 

.151 

3,418 

J a 6P 

22.217 

. 147 

3,418 

Ja  61 

21 , 1 24 

. 1 75 

3.418 

Ja  6? 

I7,gwi? 

.181 

.1.416 

40 


J» 

J>  64 
J«  65 
66 
J«  67 
.»■  66 
J«  69 
J«  7 S'. 
J*  71 
J«  7? 
J*  73 
>»■  7 4 
76 
.!■  7 6 
.!■  7 7 
J«  7fi 
J«  7 9 
J«  HU 
«'■  HI 
J«  «2 


8 3 

84 

8b 

/■ 

86 

.!> 

87 

J ■ 

8 8 

>a 

8<J 

.(■ 

Ov 

J ■ 

91 

.!• 

92 

.!■ 

9 3 

1 ■ 

94 

1w 

9 6 

1 a 

9(' 

.1  a 

97 

J ■ 

98 

.1  a 

0-V 

I"! 

1*1 

1 a 1 

1 I 

J«  1 

(■V 

J ■ 1 

n3 

J*1 

3 4 

Jail 

85 

16,73m 
?!/'  ,454 
t 7,7?5 
12,451 
16,f<?7 
17,413 

?4,h35 

, 536 
13,.'3  7 
6,163 
JO.M73 
14,h7u 
1 4, 4k;> 
12,451 
77 , 07f< 
17,6?7 
1 6,6?7 
? 1 ,114  5 
1 4,?H7 
16,  #.5.' 

1 2,  ?3>' 
S^.M  4 

16,753 
1 3, ?32 

2 ' , '1  <3 1 
1 4,  r.<  ' 

1 <M5 

1 3,  *3/ 

2 , -V  r«  ■ ' 

I 2 , 3 H 

1 .5 . 5 7 « 

1 ' «a 

2>  , '<13 
12,14- 
'.*;’i 
1 f'  , 4 - 

1 " , ^ 

1 3“5 

11,  ' H 

1 7 , 

1 3 , V 3 J< 

1 , ' ^ 


.174 
, ’ 59 
. 57 
.162 
.152 
.188 
.163 
. 1 63 
.183 
.186 
.221 
,17b 
.171 
• 1 86 
. 165 
.181 
.161 
. 1 63 
.21;-’ 
.188 
. 18b 
.176 
. 1 82 
. 1 9(' 
.177 
.189 
.2ir3 
. 167 
. 163 
.155 
. 174 
.2(13 
.166 
.161,* 

. 1 67 
.161 
. 1 8 ■ 

. 167 
. 1 67 
. I 75 
.10  4 

, 1 75 

.2(0 


3.418 

3.418 

3.418 

3.418 

3.418 

3.418 

3.419 

3.418 
3.4lfi 

3.418 
3,4J  8 
3.418 

3.418 

3.418 

3.418 

3.418 

3.418 
3,418 

3 , 4 1 « 

3.418 

3.418 

3.418 

3.418 
3.418 
3.418 

3.418 

3.418 
3,418 
3,418 

3.418 

3.418 
3 . 4 1 8 
'.418 
3 , .1  1 8 
3,41  8 
3.418 

3.418 

3.418 
1 . <1  1 1 
'.418 

1.418 

3.418 
3.418 


o*^^iOcvii.«'9f^^ir5aDO'<t/X'is.oii<.rr>i*s 

r (O—tc-^-wcviacVi®*.  s ^•ir'SwOi— 

S.  fv  ^ 3!‘S.»*5i.JDSir.  'SNw&lCSN'erOlu*-* 

— CM  n — T ircvflCM 

CV  CVj  «■'  — tv  — 


tf}(A«nwinv>«RV}<t>cnintf}iA(ntf>co<oc/'^<o«o 


ooo(.'.^'_>uuuuoooooc.’uoou 

U.U.U.U.U.U.U.U.U.U.U.U.U.tk.U.U.U.U.Vi.U. 
i A J!  t.  3:  T S.  X.  •£  S 3 X je  3.  * "X  3 IL  3. 


V CV  «C  O:  <y  IT)  ^ iTi  tv  y <f!  ^ ^ CV  ■•'  Jf 

»>^tin£t^^stvlr!^o:c  ^ n&<C'V  «^cv<c 
O o-i»<«-«fs.Or^K)®(£;inv  CV'SIOinBC  CVI«  «" 
iN.CVh>wflC«C  i^Oi»-rvmCV<Dtv<09:CCtC>n«<r 
tC  ate  ate  *<C  a>£  aiC.  a<C  arv  aoC>  a 4.'  a 


4T 

cr 

it. 

cr 

4T: 

tr 

tr 

if. 

cr 

«4 

C' 

C4 

C4 

C4 

‘t. 

tr. 

X. 

M 

tr 

*— t 

— 

r*" 

*aa» 

>— * 

►H 

d~ 

T 

z 

A. 

fC 

a 

4i. 

4. 

^■ 

_^- 

■« 

at 

<2 

< 

4 

< 

<. 

<. 

4 

4 

4 

4 

c 

4 

4 

4ft 

4. 

4 

4 

4 

u. 

a. 

UJ 

L. 

O. 

aj 

a 

U. 

_fc_ 

a. 

a^ 

Ua' 

U.’ 

Xa 

Ua. 

O. 

*4> 

Uu 

tfj 

UJ 

u. 

- 

- 

i 

rf" 

4 

f 

> 

at 

• 

- 

at 

- 

- 

- 

- 

3 

y 

X 

y 

5 

a* 

u 

u. 

u 

a. 

a 

a- 

u. 

a 

a 

a 

iX' 

a 

a 

u. 

xl 

bj 

— J 

...' 

-J 

^■ 

-J 

-J 

__  > 

a 

a 

a 

a 

Q 

a 

Q 

c. 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

.■f 

T 

i. 

f 

i 

5 

7 

5 

i 

3 

c* 

1 

X 

it 

- 

< 

< 

< 

< 

< 

<■ 

<: 

«. 

<1 

<1 

ar; 

«♦ 

<5 

4 

•* 

•2 

• 4 

< 

<• 

u* 

4/* 

4A 

a. 

K. 

tr 

tr 

44 

i/' 

IT 

14 

<4* 

ir 

u. 

4/ 

tc 

if 

14 

tr 

tr 

C4‘ 

CV 

CV 

c\ 

CV 

C\ 

C\ 

vV 

r\ 

C\ 

CV 

*. 

t 

*.■ 

s 

^ 

1 

V 

1 

i 

• 

% 

1 

i 

1 

1 

1 

It 

U' 

u. 

X' 

u 

a 

4X 

X 

X' 

X 

a 

<\ 

CV 

•1 

r 

r 

**• 

«a^ 

(V 

JT 

T 

c* 

fv 

c\ 

CV 

9“ 

K. 

K 

fs. 

o 

;jr 

.r 

CV 

< 

fs 

r. 

4 

X 

♦’. 

X 

t 

rv 

X 

c\ 

*r- 

•o 

Cv 

X 

rv 

X 

X 

a7 

4> 

»♦ 

•3 

X 

Cf 

X 

•— 

rv 

CV 

CN. 

fn 

K3 

»v 

IV 

4 

a> 

X 

X 

ar»^ 

X 

K“. 

Na 

X 

CV 

X 

fv 

0 

o 

3 

t. 

CV 

,4. 

K. 

a 

■s 

CV 

X 

X 

I 

X 

• 

fo 

« 

X 

fv 

ir 

a C 

• 4> 

• Kt 

• »<“ 

• 

X 

ft 

X 

ft 

X 

• 

aa- 

• 

» 

• 

• 

V 

•- 

• 

ai>^ 

• 

• 

ft 

ar- 

ft 

•- 

ft 

ft 

it  V if  V it  it  if.  if.  if  V.  V tf  it.  if  if  If  it.  if  if.  it 

•— * •-«  »—«  t— > *— « •“<  r-a  • *— « »— ♦ *— I ►— < > 


^ «■  a«  «. 


^ u..  '.4'  ^ .4 


4 -3  ^ «f  < 

> > ^ ^ 


< a^t  >4  «»  «l  ^ 


>>>>>>* 
Ua  O.  U.  u.  a.  u.. 


riajaauo-  >:j^aauj-:3:“»tYajjic* 

«J  •«««  W a«  « aC  < <1  a« 

%n  if)  %r  fT'  \r.  t/‘.  ^ %r  >r.  tr.  if)  iT  \r  \/:  *^  xt  ^ 

^ U-  ^ U 4 ^ U v4  Lv  ^ «4  a.  A.  a.  ’-4.  .4  J »4 

^ „J  ^ ^ ^ ^ ' — • ..j' 

aaaaaaaaaaQaaaaa:ia;4.a 

r I • ; * 1 . t : . " • . ' , . 

•I  »|  -i  ^ ^ i a#  ^ 41  ^ 

4/  «r  c!*  .r  ,4  o •'  \/  u u r w V/.  (/  i/  tr  v 


/ »/ 


1 


43 


'MiftMliWinj 


(' T ^ ,S  T f- pp  0 f 

n T “h  *'S Tf'M  V ali'P  1?!) , .1  f f,se  f ?c»p!  1 , iif^O  f.'') 

r T F IV  s 1 1 1 \ p r T ( ? ) 
tnnira^ 

T 'TF;r,tK  F-PT 

f I ,M  *'(V;  ^ .1  y 

DATA  I«rv3*'.^,/ 

,\:  I I « M 

y » 1 ^ 

^■  Y » 

H P T ■ 4 i’’ 

T P''s  1 fi 

7 - 1.  4 n f H p 1 , 3 ) 7, 

- P T T t-  U M , O ) 

rin  11  T?si,- 

■•■(.-  (i(.  f‘^oT  , H 1 I f T n , V A(  mf  n n , r sw  r t t i 

C"nt  T ".IF 

f:«‘, 

«» 1. 

r.  r-i  t 7 I e ) J ► 

r = r ♦ 1 , 

I' I.  1'" 

t F I >'  A(.  "F  ( T 1 At  lip  r KU  1 , 1 r , 1vl 
1 wsVA|i.^f-1 

V Al  ' ( C 1 a ./  A I ! 'F  r T 1 
''  *.l  IF  f 1 1 ai- 

r ' r T If 
M . ? t I » 1 , . 

1 , 

A I * f f ♦ 1 , 1 / f f>  1 , 1 

' V T T F ( I p , 1 ) t t , V A L 1 1 F f I n , A ,1 

V f 71  ►.  Bv  F A • r V At ' ir , 1 

» '■.  T ' a 7-  / A f V/  4 I I ' F , M , 1 , Y •'  F A »■■  1 

V ; I I V ' 1 .-  7 f y «;  T 1 . 1 

•’ T T F ( 1 n , 1 .AT  y-FA''  , tclATi 
I : f r 1 a 1 “A 

I"  'I  I I V-  I f .-.I  F , V M 'F  , 1 , ||'  'I,  F F F . , pr  T , FT  4 T S , , p 

* VS'  M * 1 

•■  ■■  T tf  r rr  , 

t ' 8 ' 1.  r p } 

r/.l  I ' TFT  f ,F  Pi  n,  T ;1 
’ I F T , I ■'  I , Ff  • S rill  r. '1  Til  >() 

’ F f •'  F P f ,n  T ,1  T n P 

r M I F < T T 
f I A T r 1 -<  1 1 

‘ t " 4 T f >'  y , F I ' , d , 1 '*  y , F 1 ■ , A 1 

’ F ■ ~ ■ A I I P , , T ,A  , 1 ; y , F 1 P , 4 , i ' y , F 1 C«  , A T 

' F A 1 ( T A 1 

' F - ' 1 r T A , f t 5 1 ^ A 1 ) 


44 


1 

,994 

7 

21 .5151" 

,988 

3 

2f,83l  (0 

,98? 

4 

2l4,  1481^ 

,976 

5 

19, 189(4 

.972 

IS 

1 8.994H 

.963 

7 

18.799"* 

,957 

1 7,92« 

.951 

9 

1 7,627  * 

,945 

t 

17,2362 

,939 

1 1 

17,1392 

,933 

» ? 

1 7 , 2 4 1 (/ 

,927 

13 

17,24  1iX 

,921 

1 4 

16,6532 

,918 

15 

1 6 , 6 5 01 M 

,9ilO 

16 

16,3572 

,94? 

17 

16,2412 

,896 

1 6 

1 6,24611 

, 8 9 .'1 

1 9 

15,9674 

,88  4 

?i/ 

15,7532 

,87  m 

?1 

15.5762 

,87? 

?? 

1 5,586,, 

.88m 

9 3 

15,4792 

, 8 r>  * 

?4 

1 .1 , 7 P 5 

,854 

1 4.7771^ 

,8  4M 

?6 

14,6792 

,841 

27 

14,4842 

.635 

2‘< 

1 4 , 4 >1  4 

, 8 2 o 

2 9 

14,424 l 

,H?3 

3:^ 

1 4 , 2 2 9 

.8  17 

31 

14.1Q1/ 

.'-1 1 

13,995^ 

3 3 

1 3, r 982 

,7'7.( 

3 4 

1 3 , 8 1 01 M 

,703 

35 

13.6232 

, 7«  7 

38 

1 3.623M 

.78.- 

37 

1 .3,5232 

.774 

38 

13.4282 

,78)- 

39 

13.4202 

.76? 

Ai'' 

1 3,3  301  ,1 

,78m 

41 

13,3322 

.78  ■ 

42 

13,2142 

,7  44 

4 3 

13. 2372 

.7  38 

44 

1 3.  ('>372 

.7  3? 

45 

1 3 . t'  3 7 / 

,726 

48 

1 ?.84:>" 

.722 

4/ 

12,7441 

,713 

4 H 

12,744  ' 

.727 

49 

12.7262 

,72.1 

8 '/I 

12,7262 

.695 

51 

12,646- 

, 6 J 

82 

1 2.828' 

.683 

5 3 

12,451'- 

,67  7 

54 

12,451  * 

.671 

55 

12,256' 

,88  8 

5 8 

12.258- 

.88  0 

87 

12,238- 

,6  8? 

5 8 

12.18m- 

.8  J-. 

5W 

12.188  ■ 

.8  ■ 

8 

12.14,1- 

, 8 ^ ,1 

8 1 

12.14-- 

. 2 - 

8? 

12.14*' 

, 6 ? 7 

63 

,618 

64 

1 i? , '4  6 

,61  * 

66 

12,4614 

,634 

66 

I2,44?H 

,598 

67 

1 1 ,9634 

,591 

68 

11 ,963« 

,5«5 

6«? 

11,9454 

.',379 

1 1 .865'* 

,57.3 

71 

1 1 ,8474 

,567 

7? 

1 1,8474 

,561 

73 

1 1 ,7684 

,5.55 

74 

1 1 ,7684 

,549 

75 

1 1 ,7494 

, 5 4 

76 

1 1 ,7494 

.537 

77 

1 1 ,6524 

,53'* 

78 

1 1,6524 

,5?  4 

79 

1 1,5724 

,518 

1 1 .5544 

.51? 

81 

1 1 . 47  5f« 

,5  4*. 

8? 

1 1 ,4564 

, 5 4 1 > 

6 3 

1 1 ,4564 

,404 

84 

1 1 , 3594 

, 4 H rl 

85 

1 1 .279','' 

, 4 8 ;> 

06 

M ,2617 

,476 

87 

11,4664 

.47  . 

88 

1 3 , 96«t' 

,46  3 

89 

1 !^,  87  4 4 

,4S7 

9 ■< 

1 4, 70  If 

,451 

<51 

1 4,77.V' 

,445 

14,603 ' ' 

9 ^ 

1 4 , 6 9 ,3  4 

.4  33 

94 

14,603'* 

,4?7 

05 

1 (* , 6 7 5 4 

,4?1 

05 

1 4 , 5Q6  1 

,41-^ 

97 

14.577' 

,4. '9 

08 

1 4 ^ /j  g H 

, 4»*  ? 

0^> 

14,48  4 ' 

,3  96 

1 

1 , 4 4 4 u< 

,.3'>  * 

1 (1 1 

14,4  ,■  5 4 

.38,1 

1 

0.01 p 1 

.37'* 

1 

0.9l?f 

.37  7 

1 M 

9,717* 

, 35  s 

1 '^5 

0. 7 1 74 

,38 

1 'h 

9,7174 

3 5 4 

1 -z 

0.717" 

, 3 4 •■* 

1 8 

9,698" 

,34  1 

) 9 

9.6084 

,335 

1 1 5 

9 . 6 '.M 

.32  9 

1 1 1 

9,4*8' 

3'"'  ' 

> 1 ? 

0,4464 

,317 

1 1 3 

9,4/6'’ 

,311 

1 1 4 

9,3261* 

.34  5 

t 1 5 

9,326'’ 

,?99 

! 1 8 

0,214  • 

.29.^ 

1 1 7 

9 . 1 3 1 

.^8  7 

1 1 8 

9.113* 

.25 

t 1 9 

9.43  3 * 

.274 

1 0 ' 

0.  , 3,^  • 

. 2 * " 

1 ? t 

, '3  3'- 

1 ?? 

6 , 0 1 7 ■ 

.2*'* 

1 7 3 

M . 8 4 ■ 

.2* 

1 ?4 

«,6?4' 

.24'! 

1 ?5 

f , 5 4 5 . 

.2  3'- 

127 

S.447P' 

12A 

8.42913 

129 

e,429t" 

13(1 

8.234C1 

131 

0 . 23  4 17 

132 

8,1  36(7 

133 

6 ,(75717 

134 

8,«57i* 

13S 

0,("30yi 

136 

8,03817 

137 

8,038(7 

133 

0,038'7 

139 

7,9410 

1 4C1 

7,9410 

141 

7,8610 

142 

7,8430 

143 

7,7450 

1 44 

7,6660 

146 

7,3730 

1 46 

7.3730 

147 

7,3650 

1 4B 

7,3550 

149 

7.2570 

15^1 

7,1590 

151 

7 , 0 n 

15? 

6,9640 

153 

6, 6«90 

154 

6,5730 

155 

6,2900 

156 

6,2810 

157 

6,104* 

15H 

6,0060 

150 

5,9880 

16ii 

3,?53'- 

1«1 

2,6670 

1«? 

2.179’ 

163 

1 ,9i  4 0 

,29h 
,22^ 
,213 
,2P>7 
.2^1 
.ly^ 
, 1 

, 1B3 
,177 
.171 
, 1B^ 
.134 

, 1 Afi 
, 1 4>^' 
,134 

, 1 ?x 
,12? 
.11'' 
.11” 

, 1 ”4 

. ) I 

,1'  M3 

,^■■7  4 

.>'■7  3 
./M 
, ^ 4 'J 

.^'•2  3 
,v37 
,1'3  •' 

,v  ?4 

,('l 

.VI? 


1 1 . 3 P .3  M 


3 . 7 1 M 


HI  STOGBA'^ 


1 


47 


,970 


,9«0 

,958 

,948 

,9S7 
,9?7 
,917 
,9(^8 
,908 
,885 
,875 
,885 
,854 
,844 
,85:^ 
,8?.^ 
,81? 
, H/17 
,79? 
,78  1 
.771 
.75  ^ 
.7  5.' 
e7  4'/ 
.729 
.71^^ 
,7-’ 

,bM7 
,b77 
, bi>7 
,55b 
,b45 
.5  55 

,^15 

,b  '.^  4 

,5‘^4 

,585 

,b7^ 

,5b? 

,55? 

.54? 

,531 

,5?1 

,51  ' 

, 5">  ' 
,4J  • 
.47  J 
, 45'^ 
.458 
.448 

.437 

,4?7 

,417 

. 4'''8 
, 3'<b 

.37  5 
,355 
.35  4 


63 

16,943** 

,344 

64 

16,925t* 

,333 

65 

16,5345* 

.323 

6fi 

16.5341* 

,312 

67 

16,3571* 

,31*2 

68 

16,3391* 

,292 

69 

16,265*1* 

.281 

7f7 

16,  1621* 

.271 

71 

16,t*64t* 

,261* 

72 

15,9481* 

,25i* 

73 

15,869* 

,24.' 

74 

15,5761* 

,229 

75 

1 5,5765* 

,219 

7f) 

15,3635* 

,2/8 

77 

15,1671* 

, 1 WH 

78 

1 4,65*5*.'* 

,187 

79 

14. 1*141* 

.177 

13,5251* 

.1^7 

81 

13,2325* 

.15^ 

82 

1 3.2321* 

,146 

8 3 

13, 135/ 

,1  55 

84 

1 3,5*37/ 

85 

12.744/ 

.115 

86 

12.628/ 

,1.'4 

87 

12,14*' 

88 

1 2 , 5*  6 n* 

,/8  3 

8 9 

1 2,5*42/ 

,/7i 

Qr^ 

1 1 .9^3^* 

, 6 ? 

91 

1 1 .847/ 

,-52 

9? 

11,768/ 

..42 

9 3 

1 1 ,3775‘ 

.1  31 

34 

1 5*.  773  * 

,.'21 

9 5 

6,8665* 

.’1'' 

1 M , giSHP 


2 


50 


FPf  niiF  -\c  V 

• y 

l 

1 

9 

7 

13 

1« 

17 

1 4 

6 

h 

1 

? 

1 

1 

1 7 

4 

1 f> 

* 

4 

1 r> 

* 

* 

1 4 

♦ 

4 

4 

1 ? 

4 

4 

1 2 

♦ 

4 

4 

4 

1 1 

* 

* 

4 

4 

1 r 

* 

* 

4 

4 

0 

* 

* 

* 

4 

4 

H 

* 

* 

* 

4 

4 

7 

* 

* 

* 

4 

* 

4 

F 

* 

* 

* 

4 

4 

4 

4 

4 

* 

4 

4 

4 

* 

4 

4 

* 

* 

4 

4 

4 

4 

4 

.i 

# 

* 

4 

4 

4 

4 

4 

2 

* 

* 

* 

4 

4 

4 

4 

4 

4 

1 

• 

« 

* 

* 

4 

4 

4 

4 

4 

4 

4 

4 

4 

T f TA  '/  Ai. 

1 

2 

4 

6 

7 

h 

y 

1 

1 1 

1 ? 

1 3 

1 4 

15 

'n  Ac.« 


1 

3W,f?<297 

2 

27, 9791* 

3 

27.688PI 

4 

26,  li*5(* 

5 

25, 3235* 

6 

25,1283 

7 

24,6353 

H 

24. 3663 

9 

23,0773 

13 

22,9603 

1 1 

22,4123 

1? 

22,2173 

13 

21,6283 

1 4 

21 ,7295! 

15 

Pt  ,7lMf* 

15 

21 ,5333 

1 7 

21.1?4'« 

IH 

2 1 , 3 4 5 13 

1 9 

20,831 3 

3'/ 

20,5383 

21 

20,5383 

?? 

20,4  5Qo- 

2^ 

20,441? 

24 

20.441/ 

25 

20,343'3 

38 

20,2843 

27 

20.148* 

38 

2 0 , 0 8 8 (3 

2 9 

19,7750 

3 3 

1 9,4820 

31 

1 9 , 4 8 2 (3 

3? 

19,4843 

3 3 

19,38  5.’ 

3 4 

1 9.385  « 

3 5 

19,3«5/ 

3 8 

1 9 , ? 8 7 3 

3 7 

19,171'' 

3 8 

19,07313 

39 

19./73  3 

A !* 

18,9940 

41 

1 8 , 8 0 4 t' 

4U 

1 8 , 4 o«  ‘ 

4 3 

1 8 . 4 '8P 

4 4 

1 5 , 3 1 1 '• 

4 5 

1 7,920.3 

48 

17,92*3 

47 

1 7 , 9'/?? 

4 8 

17.7250 

49 

1 7 ,7(380 

K < 1 

1 7.8271' 

51 

17.5110 

53 

1 7 , 4 1 

53 

17,3340 

54 

1 7 . .11  8 • 

55 

1 7 ,238? 

58 

17.2183 

57 

17.  1?'3  ^ 

5 M 

17,1200 

«'» 

1 7,0  2.3  * 

8 3 

1 7.323 

81 

1 8,8?;i* 

83 

1 8 , H2  7 • 

,991 

,973 

,9«? 

,94T 
,93  4 

, 93?S 
,91^ 

, P us 

,tih7 

,H77 

, 8Sft 
, H^h 
,H4y 
, 4 !'• 
, 8 3 
, 83  1 
,«1  1 
,H'<? 
.79? 
,7«3 
.774 
, 7S4 
, 7SS 
, 7 4«s 
, 7 3s 
,7?s 
.717 
, 7 '■’H 

, ^HO 

, s 7 
.S7  1 

, S ^ I' 


,84? 
,83? 
,833 
.81  ^ 
, 8 -t  /I 
, 8'<4 

,578 
. 58k 
,587 
.547 
,53' 
, 5?8 
,519 
, 5 / 1( 
,5'-  ' 

. 4M 

,4S1 
.4/? 
,4k;; 
,48^ 
,443 
,4  34 
. 37^ 

, 4 1 K 


63 

16,7486 

64 

16.7363 

65 

16,6533 

66 

16.3573 

67 

15,9673 

68 

15.8693 

69 

15,7533 

73 

15,6563 

71 

15,6563 

72 

15,5763 

73 

15,0883 

74 

14,8933 

75 

14,6793 

76 

14.6793 

77 

14,6033 

78 

14,5023 

79 

14.1913 

63 

14,3143 

81 

13.4393 

82 

13,4093 

83 

13,3123 

84 

13,2323 

85 

13,2323 

86 

13,0373 

87 

13,3373 

88 

12,8233 

89 

12,4513 

93 

12,4513 

91 

12, 2383 

92 

12.2383 

93 

12,1403 

94 

1 1,9630 

95 

1 1 ,3843 

96 

1 1,0843 

97 

1 1,0663 

98 

10,9863 

99 

13,873/ 

133 

9,6193 

Ml 

9,5210 

1 ^2 

8,6243 

133 

7,7643 

134 

6,2990 

135 

6,1833 

t 7,2««7 


,4W6 

,396 
,3U7 
,377 
,366 
,358 
,349 
,34H 
,33t^ 
,321 
,31  1 
,3m2 
,292 
,283 
.274 
,264 
,255 
,245 
,236 
.226 
.2»7 

,108 
,189 
.170 
, 17P> 
,16'^ 
,151 

.M2 

.132 

,123 

,113 

,1^94 

,i/'85 

,(^75 

,/57 

,1^47 

,'328 
,319 
, l-'  9 

4,5595 


HISTOGRAM' 


3 


ElliF^TY 

n 

3 

3 

5 

14 

a 

17 

21 

8 

3 

4 

2 

i/t 

1 

?1 

A 

?!/! 

A 

tR 

A 

18 

* 

\7 

A 

A 

\t> 

A 

A 

A 

1 S 

« 

A 

A 

1 4 

* 

* 

A 

A 

* 

A 

A 

A 

12 

* 

A 

A 

A 

1 1 

* 

A 

A 

A 

i n 

* 

A 

A 

A 

* 

A 

* 

A 

k 

A 

* 

A 

A 

A 

A 

7 

* 

* 

A 

A 

A 

A 

b 

* 

« 

A 

A 

A 

* 

5 

* 

* 

A 

A 

A 

A 

4 

* 

* 

• 

A 

A 

A 

* 

A 

3 

* 

* 

* 

* 

* 

A 

A 

A 

A 

A 

A 

? 

* 

* 

* 

A 

* 

A 

A 

k 

A 

A 

A 

• 

1 

* 

* 

* 

A 

A 

A 

* 

A 

A 

* 

A 

TK  TFW  V A| 

Cl  A«iR 

’SAS.h!  , 

%f.  i ,* 


1 i'- 


1 1 


1 ? 


1 


1 4 


1 5 


1 


4 


7 


1 

35.2B4PI 

2 

32.941(^ 

3 

30,7922 

4 

30,4202 

5 

30.4202 

8 

27,7650 

7 

26.8070 

8 

26,7090 

9 

26,69! 0 

IW 

26,5140 

i 1 

26,3980 

12 

26,1050 

13 

25,6350 

1 4 

25,4390 

15 

25,4210 

15 

25,3230 

17 

25.2443 

18 

25,2260 

19 

25,1280 

2c* 

24,7560 

21 

24,6580 

22 

24,6400 

23 

24.249'* 

24 

24,1 700 

25 

23,9750 

26 

23,1 750 

27 

23,0770 

28 

22,9800 

29 

22,9000 

3'^ 

2 2 . 9 (1 0 

31 

22.8030 

3? 

22,705-0 

33 

22,7050 

34 

22,705  • 

35 

22,491  /• 

36 

22,296/ 

37 

21  ,9060 

38 

2 1 , H?80 

3 0 

21 ,8260 

4 

21,7290 

41 

21,7100 

4? 

2 1,831'* 

4 3 

21  ,6310 

44 

21,6130 

45 

21,4170 

46 

21 ,3380 

A7 

2]  ,2400 

48 

21 ,0270 

49 

20,9470 

5t* 

20,8310 

51 

20,8310 

52 

20,7520 

53 

20 , 459'0 

54 

20,4590 

55 

20  , ^4?'• 

56 

l 9,873v' 

57 

l 9 , 6590 

55 

19,482/ 

59 

1 9 , 4H3i' 

68 

19,385/ 

51 

1 9 , 2 »«  7 . ' 

63 

19,289  • 

6 \ 

1 8'  8 78  ’ 

,98V 
,977 
,968 
,954 
,»4S 
,931 
,93'^ 
, 9i1h 
,897 
,8«5 
,874 
,86? 
,851 
,839 
,8?8 
,81  N 

,793 
,783 
,77.1 
,759 
.747 
.7  38 

.7  13 
.711 
,80/ 
,C*7m 
,887 
,855 
,844 
, 8 35 

.ft?l 
,8/0 
,598 
, 5 8 

.575 
,58  3 
,55? 
,54  1 
,5?  9 
.517 
, 5..*»> 
,494 
.<*^3 
.-571 
, 48  1 
, 4 4 '1 
,43  7 
,435 
,414 
,4/? 

, 39  1 
,370 
, 3 5 X 
,35" 
,345 
,3  1 ^ 

,3  3? 
.31- 

,39m 
.347 
.'7  7" 


04 

l8,701Pt 

OS 

I8,683l?i 

06 

18,1950 

07 

18.1150 

08 

17,6270 

69 

17,1390 

Tt* 

17.1390 

71 

17,1200 

72 

16,9250 

73 

15,8690 

74 

15,4600 

75 

14,8740 

76 

14,6970 

77 

14,6000 

78 

14,3860 

79 

13,6050 

8i^ 

12,2560 

81 

10,8890 

82 

10.4800 

83 

9,0150 

84 

6,1540 

85 

6,5020 

86 

.8120 

,2<S4 
,25v1 
,241 
,25'/ 
,21S 
,2v47 
, 1 VS 
,184 
.172 
,181 
, 140 
, 13H 
, 128 
, 112» 
, 1 33 
,/02 

,'/60 

,t'34 

,'/23 

.'-Ml 


2PI.947B 


5.8377 


Ml  liii  ,M iihj|i^j,j 


HISTOGRAM  4 


FREoiit  'jr  V 


t r T t H.’  V A I, 
C I ASS 


1 


,5  ^ s S 


J 


1 

7\  , H('p!' 

7 

17,1  39'' 

? 

t 7,t'23.'. 

4 

I9,73^f'' 

S 

1 9 , 4fS5'4 

6 

1 9,33C.^ 

7 

19,998;' 

8 

15,46?"/ 

9 

1 9 , 2 ft  5 !4 

t i'’ 

1 9 , .3  7 f3  . ^ 

1 1 

14,97?' 

1 ? 

14,87  4". 

1 3 

1 4 , H 7 4 13 

1 - 

14,7^9/ 

1 

14,997!' 

1 fS 

14.991 

17 

14,41/49 

17» 

14,386' 

t 9 

1 4. 3' .7  ' 

?'■’. 

14,111'' 

?1 

1 3 , 9 8 '/ 

77 

13,8  t-:  3 !/ 

7S 

1 .3 . 7 ? 1 .' 

?4 

1 3,9  ’7" 

?S 

1 } . 3 1 ? 1 

?9 

t .3  , ? 1 4 

77 

13,?14!- 

?9 

1 ? . <;  L>  1 ' 

0 0 

1?,84?v- 

31'-' 

j ? . 8 P 3 '' 

3 1 

1 ? . 8 9 3 1 

3? 

1 ?,  «?3'- 

V3 

t P.  394.. 

14 

1 ?.  339r. 

3 9 

1 ? , P 9 6 

39 

1 ?,  !"  1 • 

V 

U . 9 9 3 ■ 

3'< 

1 1.049" 

3’J 

n,79H' 

1 ' 

11,  740. 

4 1 

1 1 ,670" 

47 

1 1,9  7 ,, 

4 3 

1 1 . 9 7 P . ‘ 

44 

11,994' 

4 9 

1 1,499  ' 

49 

1 1 .3/7  « 

4 7 

1 1 , 399:.' 

4 9 

1 1 . .3  9 Q • 

4 0 

ll.P/o- 

9 > 

11.P9V 

9 1 

11,18?' 

9 9 

1 1 . "■  8 4 ' 

9 3 

11.''99,' 

9 4 

1 / . 9 ^ 9 • 

99 

1 *.1 , 9 « t , • 

9 9 

1 ' . 9 M ■ 

9 7 

1 ',09H' 

9 ., 

1 3 , 8 " 0 ■ 

9 .J 

1 . , « ^ 

9 ' 

) '■ . 8 ; ' 

9 1 

1 ’*  . / 7 1 

9 

1 ■ . 7 7,1 

“ 1 

1 1 ■ 

, 

, « 7 S 
,07.^ 
, !^r,7 

^ a*>(s 

.^M 
, <-4*> 
.94'. 
, ‘J  3 4 
, «PU 

,91 
. "'  1 ' 
, 9 .1  7 
,^■1? 

,^91 

,e'r*~> 

. M 

, <^  7 4 

,hhU 

,HS:, 

47 
, >'  4 :> 

, >•  .'^  *^ 
.^M 
.^?s 

. f^  ^’  - 
, ^ 1 4 

.»•  ^ • 

, 7 u K 
, /’  >,> 
.7^7 
,7‘.l 
,/7^ 
./7  ■ 

, 7 . 
,79  1 
, 7 -1  M 
,/ as 

, 7 4 ^ 

,7.v;> 

.7?; 

,7?1 

,71'. 

,7t 

.7  '•> 

. 9 w / 

.9  --.I 

*9  * } 

* 

H S 

. "7  - 
,97'. 
.99  7 

. 1 


64 

IP!,  5961^ 

,65  3 

66 

lf3,596^ 

,645 

66 

1 PI,  !!>y6P' 

,639 

67 

1 p!  , 4 « 8 f3 

,634 

66 

U',49fl'/ 

,628 

6 <J 

1 W , 4 '3  C*  1/ 

,62  3 

13.3831' 

.617 

71 

13.3823 

,612 

7? 

1 3,333^' 

, 6 (-1  7 

IS 

1 1-1 , 2 8 4 3 

,63  1 

74 

1 •»  , 2 8 4 3 

« 69  6 

7'i 

13,2353 

, 59  ' 

76 

13,2 1 ■■  5 3 

,586 

77 

13,2353 

,579 

76 

1 3 , 1 8 7 i-i 

.574 

79 

13, 1873 

,568 

6 ^ 

1,  '3 , 1 3 7 " 

,58,1 

61 

13,3893 

,557 

HiJ 

1 M , '18  9'* 

,552 

83 

Q,01?3 

,548 

84 

9,9123 

.54  1 

8b 

9,8143 

.536 

6 6 

9 , 7 9 h<\ 

.53  ' 

87 

9,7063 

,525 

88 

9,7173 

.519 

ao 

9,6983 

,514 

q -, 

9,6983 

, 5 8 

9,619' 

, 5 3 3 

9 7 

9,619' 

,4  97 

9S 

9 , 6 1 9 .1 

. 4>.>2 

94 

9,6/1,' 

, 4 8 r 

96 

9,6-1  '• 

,48  1 

Q6 

9 , 6 l-  1 3 

,475 

9 7 

9,521  ' 

, 4 / ' 

0 K 

9. 6.'.  :\3 

, 4 '1  -1 

9 J 

9 . 5 '/  3 1 

, 4 S'-' 

1 

9 , 4 ■ ■'  6 ■ ■ 

, 4 > -1 

1 '»  1 

9 , fl  v'6  3 

, 4 d H 

1 O 

9.326  » 

,443 

I '3 

9,326  ■ 

,4  17 

1 M 

9 , 3 ' 8 

.4  32 

1 'h 

9 , 3 -•  8 ' 

,42'' 

1 '1  *> 

9 , ’ 

,42  1 

t -'7 

9 , 2;-’9,' 

,418 

1 <»« 

9,213" 

.'>1 

1 

9.21  '3 

,414 

11' 

9,113' 

, 39 

1 1 1 

« , 936 . 

. 1 

1 ) ^ 

8 . 936  ’ 

, ,1  ->  8 

1 1 3 

8,9173 

, .1  3 1 

1 1 4 

8 , 83H  • 

,3/7 

1 1 S 

8 , R23‘* 

.37  2 

1 1 6 

8 , 7 4I"' 

, 3 " '• 

1 1 7 

8.64  1" 

, 3 " 1 

1 1 1 

8,624  ' 

,36  8 

1 1 ') 

8 ,62  4" 

, ,'8  ' 

1 ;>  ' 

8,646' 

,344 

1 ?1 

8,648  ' 

. 3 ' ' 

* ? 7 

8 , 6 '-j  7 ■ 

.111 

1 ?3 

8,429. 

1 7 A 

8,429' 

, 12’> 

1 ‘1 

8.262  ‘ 

,31/ 

1 

8.234  ■ 

, ' 1 1 

59 


1?7 

B,  136«1 

128 

e , i'  3 8 2 

129 

8.23«i7 

1 3P> 

7,94ii3 

131 

7 . 9 4 1 (>. 

13? 

7,8810 

1 3 3 

7.8430 

1 34 

7.7450 

13? 

7,7457 

1 3ft 

7,7450 

1 37 

7,8687 

138 

7,550V 

13-) 

7.5500 

1 4 1 

7,4522 

1 41 

7.4520 

1 42 

7,3730 

143 

7,3550 

1 44 

7.2750 

14ft 

7,275  * 

1 4ft 

7,1787 

147 

7,159  .1 

1 4H 

7 , 0 ft  0 V 

149 

7 , 7 H 0 . . 

1 5 ’ 

ft,  984  ' 

1 ftl 

ft.eftft.' 

1 ftp 

5,8853 

1 *»3 

ft  , 8 ft  5 2 

1 ft4 

ft  , ft  8 5 ' 

1 ftft 

ft  , ft  ft  9 O 

1 ftft 

6.592' 

1 ft7 

6, 4 7 ft. 3 

1 ft  r1 

ft,2H1 ” 

1 ft'^ 

6 , 2 1 '■ 

1ft  ' 

h , 1 4 ■ 

1 ft  1 

ft  . 0 0 ft  i • 

1 ft  2 

ft  , 0 t*  ft  '■ 

1 ft  1 

5,988'' 

1 ft  1 

5 , 9 2 8 ’ 

1 ftft 

ft , ft  1 1' 

1 ft  r> 

5,7  02  1 

1 ft/ 

ft,  / 1 3 ' 

\ h M 

ft.  ft  9 ft-' 

1 ft  9 

ft  . 42V  ’ 

1 7 ■ 

4,932  • 

1 7 1 

4,913* 

1 72 

4.8  1ft  ' 

1 7 3 

4 . 1 ft  ' 

1 74 

4,639* 

1 7ft 

4,425" 

1 7r. 

4,425" 

1 7 

4 , 'V  ft  3 " 

1 7h 

4,053'* 

1 7'> 

3 , ; ft  ■ • 

1 » 

2.66/  ' 

1 8 1 

2.49'*. 

1 ft  2 

2,393  • 

,27  S 

,2^« 

.?*S7 

.P-SI 

.?/l  1 

,23S 

,?>>4 
,21  ‘hi 
.213 
, 2/h 
,2'''0 
.107 
.101 
. 1 

^ 1 H i,i 

,\7b 

,V^> 

. 1 ^4 

,\b^ 

. 1 4>* 
,14? 
.»3T 
,1,M 
, 1 7f 
.12,. 
.11- 
. 1 ' ' 
. 1 .*4 

, H 

..•^7 

, V « 2 

, ^7/ 

, '71 

.-■f” 

,.'4  3 
.-•4-1 

..31 

..2  7 

. '■•  2 2 
. !■’ 
. 1 1 


0 . 7 ft  3 0 


'.17  3.. 
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program  one 


'■>  T '•*  E ^ T • ■ '' 
PT*^EnSICV; 


r<  (^,9.: 


T'T&Gt^  -tPT 

I,  '.GICAI, 


« o T » 4 -I 
F>4, 4b 
IP'  *lb 
UFA';  MPT"'  V 
09  12  Tiiai.s 

/ T E ( 1 « 6 6 ) 

: I ? J < « 1 , 2 

► < c ■■-  , 

?.i  \?  KV*t,<5 

T.  (Ji,  f»  > ■N*Y(T)(,.iy,KX) 

msTu  fix,  »x> 

1 2 ('■■'.■■  T T ■ic' 

„-TTF(IPu,‘>^‘S) 

'■  ■■!  ?.■  ; X ■ 1 , b 


’ J X*  1 , a 

Ti»  (TX)»  f T , .IV 

• •i«T  U ( T * 1 


•T  ’■  IT  ■ 

* ^ 

T T F f T ''  ' , b ) 

11  S'- 

T < al  ,? 

X • 

f > a 1 , 1 

T y •■  i 1 < 

1 • r - f T V , rV) 

r ' 1 I 

1 ►_ 

T ^ P f 

ft’  , o p ^ 1 

i ■ 1 ' 

1 * a 1 , ^ 

V 1 • 

' . a T , 1 

'■  * 

'V  ■■  4 « 

r y al  , b 

Til  1 « , 

>TaH^Y([X,  rx.’TX’' 

« T T r I V , *.  t ' 

r •,  tt 

- T ) r ( f - ’ , b b P ) 


X ' • « 1 , ? 

, ■ » T T t f ' X 1 
K|  r •>  T T " ‘ 

-■  I 1 r ( TP  , 

r . . i T ( 1 •»  , 4"HFWE1 
T y • 1 , ' 

■ . ‘ . a 1 , ' 

1 T ( I ( , • • i s • * f f T »•  , ,J  « , X 1 

t ' M . , > T 

» ■■  ' 1 ! 

• - 1 r 1 


■ ^ a 


/ 


• a 1 , 
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TIJK*TIK (JX)*H 

h«tik  (jy) 

79i  CDNTlNdl: 

«•  s'lTe  CIPfJ,666) 

H ■ ' 

f=n  IK«l»5 

TJk2«TJ<(I»)'»*2/12,+w 

h«TJK2 

«,<?TTEaP'--.fi^6) 

H«".  , 

DO  fJl  jy*l,2 

ttk2«tik (jy)**2/3P,*H 

m«TH2 

81  r:n‘'Tr")£ 

T TP  c rp'i,  BBC) 

on  rt?  y « 1 , 6 

TI  J?«TT  J (K  **2/ W.+H 

I J2 

82  rro'’rt 

►iiviTPap  .,^*>8) 

It  I , 

TTJ-'2»tU<**2/«/. 

(1  r ^3  T y ■ 1 , ^ 

no  3 J y a 1 * 2 

TK?*T-^n 

»'  « T n 

<53  C"'  T T •■  I*: 

. < T T B ( T P ' » F 1 

■ >*4  1 V ■ 1 , S 

■ a ' y « 1 , 6 
T i2»T  J f f < , K y 1 •*2/2,  + >^ 

■ T J 2 

44  r ’ IT  I ■ 

^ 1 D «■  ■ I » 2 

I ■ - fi 

TT2»TI 
T? 

rn  TT  . 

- t ••  . 

. rr  H s T y • J , 5 

r ■'  4 <1  J y ■ 1 , 2 

y2»T(Iy»Jy*<y)**2♦^ 

»-.«  V2 

4<s  r ' • T T '‘■ 

H«  • , 

T ■ T 1 I “ / 'i  - , 
n I ^5  / T y ■ 1 . !5 

^ >1  7 ? V ■ 1 , 2 

I - H 7 > » • 1 , 

T A'«fT  unyl/l^.-Tl-CTIKCJyW^t 

I-  ■ T ' A ■ 

4 7 r ■ T T ■ f 


T 5 * f T I I f K V 5 / 1 ’ 


T T * Y f T y , ,r  y , ‘ y > ♦ 
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SS8»TJ''-2»T!.JK2 

SSC«TH<2*T!J!<2 

SSF.«TU2-TUK2 

SSSC«Tn2*TjKa-TIK2+TIJK2 
^ SSSF«TJ2«TIK2«.TIJ2+TIJK2 
SSCF*TI2*TT't2-TlJ24>TXJ'<2 

SS5FC*V2-Ti<2-TJ2-T12  + TJX24TIK2+TlJ2-TTJKa 
nSf-APi6!^,**2*(TNAf)**21/(8SS*SSC*SSF) 

S«5»ai,«SSSFC*»8SVAO 

K«iS«ASS/4, 

xec-ssr/l, 

XSF«SSF/5, 

V8SC»SS8C/4, 

XSSFBSSSF/a?, 

y«rF«S8CF/5, 

sFC»3SSFC/lfl, 

X <!  M A '>  ■ 5 S A 0 / 1 , 

»?3Al«3S‘'AL/J7, 

FT«XS’iAi.'/VSH4L 

IF(FT"F)*J9,xg,«8 

89  F«;*«S3/X  ASFC 
frut^C/ <SSFC 
FFlX<;F/yssFC 
FSFay SSC/K58FC 
FsFa«‘i«F/xSSFC 
F CF  ax  ,'iCF/  <S'5FC 
>-  ->TTF  Ua  .,55S') 

588  ‘ 'w^aT(1m]  ,4gX,  J3H'^yP0T»'f  SIS  OF  *r.r)TTTV'ITV  ftCCFPTF'') 

^TTF  f TP  ',5541 

55  4 F •>.  ‘4Tf ///,23x,6-(53'J9Cfe,l3X,2HiiF,  13X,2HS8,  1«X,2"<^S,17'^,1“'P) 
■vtt- (TP.  ,553)  SS8,XSS,FS 
•-TTfCTP  ,55?)  S3C,XSC,FC 
! TTh  (TP  ,551)  SSP,XSF,ff 
. .,'TTt  (TP>  ,■^5  n 8SSC,  XSSC.FSC 

■ pTTP  (TP  ),  54(j)  SS8F,  XF5F,FSF 
-ITF  (TP  *>45)  53CF,XSCF,FCF 

■ PT Tr  ( fP' , 347)  SSSFC,XSSFC 
. TT-  ( I P ,543)  SS  vA  J,  XS*  Ai> 

M T»-  f T3 543)  5S*)AL,XSP»L 
545  F « I l / , ?nV  , 7-IH4L4  , 9X  , 2-’1  7, 2 (7X  ,F  1 1 ,6' ) 

545  F i.'  AT(/,?'^X,5hi  n.4T.>,llX,l<-l,2(7X,Fl1,6)) 

547  F AT  f / , ?4*  , 3-ISCF,  15X  ,?Ht  8,2  (7X  ,F  J 1 , 6)  ) 

54“  F A T f /,  ?4X  ,2-<CF  , 1 ;y  , 1 h5,3  (7X,F11  ,X)  ) 

54'T  F-p  a t ( / , 24X  , 2H5F  , 1 6X  ,2p2^,3(7x,f  n .5)  ) 

55/  F''P'ATf/,p4y,?-(5C,17X,l'^4,3(7X,Fll,5)) 

551  F ■'P  aT(7,24x,  1nF,18X,  l^5,3(7XiFll,8)) 

532  F 'P  •AT(/,24x,l-jC,l8x,l*-l,i(7x,Fll,6)) 

553  F-P  4T(/,?4>,l-TS,18X,lN4,3(7x,Fll.rt)) 

; ' T ^ d 4 4 
It'  • V 1 T<^  ( J P , 1 / A) 

1 «,  F ■ at  f 1 - 1 , 42x,  33..<HyPOTHFST8  PF  f.^TTlVlTY  PFjecTF^T 

444  . JT  Tk-  f TP  ,111) 

11!  FiwaTCImII 

'1  T3  3 T»1,*' 

' ' :■*  T 3 j ■ 1 , 2 

A 3 3 • • 1 , ^ 

• , T T F ( t r , 3 3 M T , J , < , V ( I , J , K ) 

3 3'“  F ^ ' A T M ^ X , / (1  1 , 1 - , ) , T 1 , 5 X , ^ 5 , 3 ) 


S C F 

Wl,l 

.e9i 

1 » 1 » ? 

.0S4 

1»1.3 

,9174 

,9186 

1»1,S 

.102 

1 , 1 » 

.1986 

t.2.1 

.091 

1,2»2 

,079 

1 » 2 , 5 

,071 

t,2,< 

,068 

1,2*5 

,067 

1 

,070 

2*1,1 

.050 

2*1*2 

,051 

2,1*3 

,.?50 

2.1.4 

.050 

2,1,5 

,063 

2*1,5 

,051 

2,2,  1 

,.^’56 

2,2.2 

.053 

2 . 2 , J 

.0  55 

2.2,4 

,054 

2,2,5 

,f'56 

2,2.5 

,054 

■i  » 1 » 1 

,059 

M , 2 

3,1.3 

.052 

3,1,4 

,055 

3,1,5 

,057 

3.1,4 

.063 

3,2,1 

,0  69 

3 , 2 » ? 

, 0 7 0 

3,2,? 

.066 

3,2,0 

,062 

3,2,5 

.064 

3,2,^ 

,i59 

4 , 1,5 

,051 

•M  , 2 

, .*4  6 

« , 1 , 3 

,/54 

0,1,0 

,043 

•SI,*' 

.'•OQ 

, 1 , 1“ 

,145 

S 2,  1 

,060 

S 2 , 

, 0 5 VI 

S 2, 3 

, '50 

4,2,4 

,056 

'•,2,5 

,050 

•i,2,r 

. 53 

•',1.1 

,('90 

5,1.2 

,.199 

5,1,' 

. 'V3 

5,1,4 

*'.1.4 

.115 

.111 

4 . ? , i 

.12  2 

4,2,2 

. '73 

4 , 2 , * 

,067 

•',  ",  4 

, "J) 

, -7? 

5,2,4 

,"'i3 

AllAlUQOf  MO  SltiMiOMAH 
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PROGRAM  TWO 

r-T^*EMST'“»’  v^^F^■(9,e'^ 

nTFEK^STti  t V^FAMrS,?)  .ySTn  (*?,?)  . ^fS.Z.fSKTCTT  f2,6)  ,T0TT.f  (») 

r>T  »•?».' ST  I’"'  (?T  , X f«T 

WPT 

wPTsil'/' 

•fOv,^  6 

OF  AO f H»T^  V 
On  Tb1,»? 
on  13  -tm,? 
r> n 1 ? n «i  , « 
t?  vf^T^rn.j.xT 

V-FA'iCT,  !)•  ?"*EAsify,«T 
»sTnr!,,n«9yA(?rx,6,i,x-eA'N(n,.n) 

1 "S  vsTor  r , j>  «3  'PT^)^^TO(T»-n  T 

on  1 ii  T ■ 1 , 3 
on  1 4 T*  1 , 9 
nr  14  tr  ^ 

iA  vfT,  t,«n«fvfT,  i,Ki-xMF4fjri,.n)/xsTon,  T)*(y,**.s 
w « .»  ^ 

n n ? -*  T ■ 1 , 9 
n n 9 » '<»<,,  <5 

O'’  If!  T « 1 , ^ 

T ’▼  T M , k ^ • V r T , T , < 1 ♦ <1 

t-'  « T ,'■'  T I T ^ 

T?  TuT  'T  1 f 1 , < 1 
?M  »-H«T9r 
h -•  ’ , 

nr-  ? 1 X » 1 , ^ 

o. 

Or  1 ^ It  1 , 9 
TntT  !(’’  ItTOTTf 
10  k ' « T '■’  7 T I f K 1 
r?T  ItTOTT 
?1  hm»T9T  I 

on??  I ■ 1 , 9 

‘J  ■ '* , 

on  1 7 •*  • 1 , n 
T ’TT’'  f n«T”TT  ( 1 
1 7 I’tT  iT  r f n 

7pT««TnTTrf(.!l**?/3C»^^i-i‘'t 
?p  VlV’i  V T9I>. 

. k.  ■ n , 

O ''  ! » 1*1,9 

Tt>  T I ■ T , 7 T « ( f 1 >M 

1 • ►.  »7  17  A| 

Tl’7  Al  * T ' T * I * • ? / O!'  , 

. 

n n 1 -J  1*1,0 

■'  M V .1*1,0 
O'’  in  * 1 , « 

V?*vfT,J, »!#*?♦, , 

1 0 >•’  « V ? 

«s«.o*7>»“  wir  741 

*«,»•■  *7?  » t-Tni»L. 
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SSrF.TPT-T9IK^T2TJ^TnTAL 
V2»T?1 
y«5r»«isr/i , 

VSP«HRF/5, 
y r?rF«5‘!CF/5, 

Fc«y?'c/ 

pp*y*?F/y«e'> 

FCP*y '5rF/y  p 
'•  7TTF  C TP^' , ^5^  ) 

554  FHO-&T  f///.2^y,6HSr'tlPCF,  l3y,2MftF,lJy  ,?HS5,  isy  ,?HM.^,17y  , 1 MF) 
uwtTp(TO''',55?'*  S5C.X3C.Fr 
••■WITF  (TPM,  551  ) S5F,ySF,FP 
'■•WTTF  ( TpM,  SSCF.ySCF.FrF 

l-cTTFCTP*  ,547^  EPpni^.ySEP 
547  FI'W^-aT  (/,7  4»,5HF.PP0»,  I3y  ,2H4B,P(7y,F1  1 ,6T  T 
54H  Pri;..  4T  ( / , ?4Y,  ?MCF,  1 7V  , 1 H5,5(7y  ,F  1 1 ,5>  ) 

551  F-td^  »T  r/,?4y  , IMF,  I5y,  iM5,3f7y,Fll  ,6TT 

552  F'-'P‘'*Tf/,?4y,lMr,15y.lv<1.3f7y,FU,5n 

444  '•.aTTf  ( TP'  , MU 

1^1  F f ,L"  .^  T r n 

rr  353  T ■ \ . 5 
rn  333  J*1  ,? 

Tm  33v^  ><  s 1 , ^ 

' • T T F ( T P , 3 3 '•  T T . J , , V r T . < T 

33f"  Fno.  »tft''Y,?'T1,lM,T,T1,5y,F5.31 
333  re*  TT  ' F 

nr  ?R  iFl  , 9 
P'>  x a 1 , « 


~1M  1 ^ 

y m 1 

« 

1 '• 

V f T T « 

V 

f ’ . 

J 

."I 

?4 

w ..r  • r 

,) 

1 r ^ 

■ 

0 -F  FM 

" s 7 T f- 

f 

' t« ' 

0 

n M 

r- ' 1 3 

Tm  < 

i 

r -»  3 • 

•>  ■ \ 

§ 

fc. 

3M 

k.'  T T F 

( 

TP' 

# 

y ■• 

F ' f ,1  , F T 

3P 

F n .j  , *, 

r 

f 7 .■ 

V 

. T1  , 1 

T l 

f.  , 


I 
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1 .t,l 
1,1,? 
t.1,3 

1.1.4 

1.1.5 

1.1.5 
1 1 
1,2,2 

1.2.3 

1.2.4 

1.2.5 

1,2,5 
?.  1 . 1 
2,1.2 

2.1.3 

2.1.4 

2.1.5 

2,1,5 

2. 2. 1 
2, 2, 2 

2.2.3 

2.2.4 

2.2.5 
2.2,r^ 

3.1.1 

3.1.2 
M . 3 

3.1,4 

3.1. *' 

3.1, ^ 
3.2,1 

',2.7 

3.2.3 


1.119 

-.9P»1 

■ 3,54 
-^250 
3^9»3 

• ^331 
4^492 
1,135 

• .879 
•1.55 
■1,91 

■ 1,18 
■ 1 

■1.13 
■?  .25 
4,982 
-,89? 
2.598 

■2.8W 

r.4("2 

■?.'34 

2.53? 

*1,88 

,88m 

1.293 

■3.43 

• 1,88 
-;.33,3 
3, 4Qi* 
2.  1 1 2 
3„t'70 

.8?.) 


3,2,8 

*1,78 

3,2.8 

»,55? 

3,2,8 

■ 3 , 5*1 

4,1.1 

I^^Ol 

4,1,2 

097 

4,1,3 

3 , M 0 

4 , 1 , 4 

• 3.1? 

4 , 1 , 8 

5 3 y 

1,1,'^ 

•1.7? 

4.2,1 

3.595 

4,2.P 

■2,16 

4,2,3 

* 1 .76 

*,2.4 

2.48^ 

4.2.8 

■ 1,74 

4 , 2 . ‘ 

-.377 

8.1.1 

■ 1 , t’  9 

‘>,1.2 

■ 1 , ? ' 

8.1,3 

■8 . 7« 

8.1.^ 

_ , *S  1 

".1.5 

3 ^ 7 4 ’« 

8 , 1 . - 

2,?'^ 

8,4,1 

3.  lOg 

*8  ^ 

■ 7.75 

".2.3 

, 178 

8 , , 4 

.06  4 

8,2.8 

■3.  ’? 

8,2,* 

1 . 4 «« 
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m 

n 

T? 

;» 

X 

X 

j 

-0 

Ti 

•Ai 

n 

tl 

ro 


ro 
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PARf  ) 

PROGRAM  THREE 

1 T ' t-  ..  S T • V A l„  V f P"'.-  A , !'-S'J  f 


t.i'C,  Tr  A( 

' ' S ■ 

T • T - t;r  '•' 

-p  r 

T P » 1 

M p r a /I  - 

1 

t.  C-  A . 1 f . 1 I-' 

1 . ? 1 

c 

? 

P • , ■ A T f 

I \ 1 

A r '•  t 

1 , * 1 ■'■  ( 1 'I  , V' 
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